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Diesel Plant and Laboratory Salvage 
Electricity, Use It for Space Heating 


T has been said that modern meat packing methods 

are so efficient there is nothing wasted but the 

squeal of the pig. Those in the packing industry 
may decry the statement as an exaggeration, but it cer- 
tainly is apropos of General Motors’ new Detroit Diesel 
Engine Division plant and the adjacent diesel laboratory, 
if the scheme adopted for the utilization of what other 
wise would be wasted electrical current can be taken as 
a criterion. 

The 240 x 480 ft manufacturing plant (Fig. 
voted to the production of the small series of General 
Motors two cycle diesel engines, and the 105 x 223 ft 
laboratory (lig. 2) to the development of these and all 
other GM diesel units, including the larger sizes built 
by plants at Cleveland, Ohio, and LaGrange, Ill. Steam 
is required by the plant for heating purposes, as well as 
for certain manufacturing operations. It is used, for 
example, to keep the tin and copper plating solutions at 
the required and for the quenching 
tanks in the heat treating room. It is employed like 
wise at cleaning stations along the production lines, and 
for the purpose of maintaining the proper water tem 
perature in engines being run on production test. 


1) is de- 


temperatures, 


Excess Current Generates Steam 


All engines in the laboratory, as well as those on the 
10 test stands in the manufacturing plant, are tested by 
brakes, either 
generators 


electrical 
“run in” 
cradle type dynamom- 
eters. Ordinarily, of 
course, current produced 
by such engines is wast- 
ed, being dissipated in the 
form of heat by its pass- 


or 





By A. F. Davis* 


What would otherwise be wasted current from diesel 
engines on test is salvaged at General Motors’ new 
diesel manufacturing plant and laboratory by a 
unique heat and power pool. . 


powered generator equipment and two steam boilers 
one oil fired and one electric, the later containing 186 
heating elements capable of dissipating nearly 2800 en 
gine horsepower. ( Fig.3). 

Both boilers are connected to a single steam fteedet 
They are fed by the same boiler accessory equipment, 
feedwater heater, The oil fired 
boiler (Fig. 4) is controlled automatically after star ; 
suppl 


feedwater pumps, et 
tiny 
and is used only when the electric boiler cannot 
sufficient steam. 

Fig. 5 shows the electrical hook-up. Three ditterent 
Alternating current is 


railroad 


voltages must be handled. gene! 
ated at 4600 volts, 


are designed for 550 volts d-c and electri 


standard generators 


while 


dynamom 
eters are constructed for 275 volt d-c operation 

The laboratory and production test stands generat 
direct current, as do the marine and railway engines. Sta 
tionary engines, on the other hand, usually are required 


to generate alternating current, and must be tested for 


the production of that type of powel 


To insure complete flexibility, the electric boiler is 


divided into three sections, two of 550 volt capacity and 


one of 275. Power generated by the 8 and 12 cylinder 


engines now installed in the power room (Fig. 6) may 


be sent through the motor generator direct to 


set, 


the electric boiler, in which case the boiler serves as an 
electric absorption dynamometer. 

The 16 cylinder en 

gine, which operates at 


720 rpm, is connected to 
a 1000 kw ss alternator 
This is a typical station 





ary installation. It is so 


arranged that its output 


. . With the arrange- may be dissipated in the 


age through resistance re og Trem current produced a electric boiler for test 
grids. Excess electrical the engines on test is used to generate steam or purposes by first being 
, plant heating and process uses; the laboratory is passed through the mo 
current developed by the ; ian oe K 

: heated and ventilated by a blower system distributing tor generator set. It will 


new diesel laboratory and 
plant, however, is used 
to generate steam, being 
salvaged into a_ single 
system with this in view. 
In addition to eight dyna- 
mometer rooms, the la- 
boratory contains diesel 


Fig. 1 (left) 


-The plant. 


"Director, — Diesel Laboratory, 
Diesel Engine Div., General 
Motors Corp. 
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air which is heated by passing over electrical grids 





be seen that the big, thre« 
unit motor 


set, which is of 3500 kw 


generator 
Fig. 2 (right)—The laboratory 
capacity, forms the heart 
of the system 

When the production 
and laboratory test 


stands are “pumping 
back,” the power engines 


are first relieved of their 
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Fig. 3—Electric boiler is capable of dis- 
sipating nearly 2800 engine horsepower 


load. If there is still an excess, a frequency relay auto- 
matically shunts it into the 275 volt section of the electric 
boiler. This relay is designed to act as a balance and 
keeps the system as a whole on an even keel. 


Heating the Laboratory 


The method of heating and ventilating the laboratory 


is of particular. interest, for there are no radiators or 


Fig. 5—Diagram of the electrical hook-up 
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Fig. 4—The oil fired boiler, which is used when 
the electric boiler cannot supply sufficient steam 


steam pipes, save those leading to the offices at the ex 
treme end of the structure and to the manufacturing 
plant. 

Radiant heat from engines undergoing test and that 
from normal losses in the electrical system is distribut: 
throughout the laboratory by means of blowers. A sm 
grid room employed in conjunction with certain tests 
where there is a continual fluctuation in current an 
voltage, is tied in with this system. Efficiency, of cours 


Fig. 6—Diesels in the power room are tied in with the pool 
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Fig. 7—Diagram of system for heat- 
ing and ventilating the laboratory 


s increased by the fact that there are no doors or win- 
dows leading outside the building from the power or 
test rooms. 

Fig. 7 diagrams the system. Fan No. 4 sucks warm 
air out of the power room, forcing it down a duct formed 
by the false ceiling in the central corridor and into the 
dynamometer rooms. It is drawn out through exhaust 
ducts at either side of the structure by fans Nos. 2 and 3. 

Temperature is controlled by bypassing through the 
grid room. This makes it possible to temper outside air 
brought into the building, to raise the temperature of 
the air drawn in from the power room, or to recirculate 
the air within the structure as desired. 

In the summer months, fan No. 1 is brought into 
play. This draws air out of the power room, discharg- 
ing it into the atmosphere. At the same time, fan No. 4 
brings air in from outside, forcing it into the test rooms. 
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Fans Nos. 2 and 3 perform the same function as at ot! 
seasons of the year, but in this instance exhaust the 
through the grid room as a means of cooling the grids 


City Air Searched for Sulphur Fumes 


ESULTS of a 15 month survey to determine the 

average amounts of sulphur gases in the air of 
American cities are announced by Air Hygiene Foun- 
dation and Mellon Institute. The average amounts of 
sulphur fumes found in 25 cities studied were compara- 
tively small. 


50,000 Separate Tests 


More than 50,000 separate air tests were made by six 
chemists driving a fleet of cars equipped like “traveling 
laboratories.” They canvassed industrial and residential 
centers throughout the east, south and midwest, from 
August, 1936, to October, 1937. Most of the tests, cov- 
ering all hours of day and night and all seasons of the 
year, were made in five metropolitan districts. The five, 
in the order of their sulphur dioxide pollution are (fig- 
ures indicate parts of sulphur dioxide per million parts 
of air within 15 mile radius of center of city) : 


Average Maximum 


nr ah Cig... tcc ccccdecc veces 0.128 2.266 
IEE i god sos ava c wile swdlcbens — 0.057 0.897 
I Sg a bo ee . 0.028 0.396 
Philadelphia-Camden .................cees; sllald i ol 0.424 
CN eee oe ee 0.009 0.290 


The above figures are of no significance from a public 
health standpoint, according to hygienists connected with 
the investigation. That is, “in the concentrations found, 
the contaminants do not exert harmful physiological 
effects.” 

The survey showed that the home fires are among 
the large contributors to sulphur pollution, particularly 
in districts using coal of high sulphur content. The type 
oi coal burned in a locality was mirrored in the results 
of the study. The fuel factor also explains why sulphur 
pollution in most districts was approximately 50 per 
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cent higher in the heating season than in the summet 


months. Some industrial operations also discharge sul 


phur fumes unless properly safeguarded 
Wind Cleans Air 


A close relationship was found between wind velocity 
and the amount of sulphur dioxide in the air. The 
higher the wind the cleaner the air. Fogs catch and 
“store up” the sulphur fumes. Some of the highest con 
centrations were noted on foggy nights 

Occasional tests were made in a score of other cities 
Dr. H. B. Meller, managing director of the Foundation, 


’ 
j 


cautioned that results obtained in these cities cannot bi 
compared with the findings for St. Louis, Pittsburgh, 
Detroit, Philadelphia-Camden, and Washington He 
pointed out that “only a few tests were made in this 
group, not enough to arrive at a typical, average figure, 
as in the case of the five centers which formed the back 
bone of the survey.” Results for the 20 other cities: 


Baltimore 
Chicago 
Cleveland 
Wheeling 
Nashville 
Cincinnati . 
Buffalo . 0.044 
Youngstown 126 
Louisville 
Ft. Wayne 
Richmond 
Indianapolis ; 
Toledo ee . o2 
Chattanooga 0.011 
Springfield, I! ; 0.021 
Birmingham } 
Charlotte, N. 
Johnstown R i ; 0.014 
Harrisburg ‘ i 0.011 
Atlanta .. ; ‘ 0.012 
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HY air condition 


Why Condition a Bakery? bakery? ‘The te 


tion is answered 
the famous Helms Olymp 
Bakeries, Los Angeles, Calii 
the first completely air cond 
tioned bakeries in the world. 
uniform product has far mo 
appeal than one which fluctuat. 


By W. E. Barnum* 


The Helms Olympic Bakeries—said to be the first completely air condi- 
tioned bakeries — answer the question by their experience. A uniform ; ; 
product requires uniform control of all ingredients, which in turn requires daily. Helms Bakeries realiz: 
control of the air conditions ..... There are also several incidental benefits that uniform control of all i: 
gredients cannot be obtain 
without regulating air cond 


Inset—The completely air conditioned Helms Olympic Bakeries . .. . . Upper view tions in all processes. In the pas 
— ee at ge Neg cake oe rag nee es —_ type yt velocity bakers have confined their air cond 
outlets. Air is regarded the same as any other ingredient that goes into the manu- . Ti A : ; 
facture of the products ..... Lower view—Two compressors operated by a 250 hp honing efforts to the dough al 
synchronous motor comprise the condensing system. The motor can drive one or fermentation rooms, the proof box 
both compressors or run free to improve plant power factor, by means of a clutch and bread coolers. 


System Split Into Five Zones 


The Helms installation is a 275 to 
central station, water cooling air cor 
ditioning system, with a condensin, 
system having two compressors 0; 
erated by a 250 hp synchronous m 
tor—a flexible arrangement whi 
will operate at 100, 75, 50, and 25 
per cent capacity to permit different 
parts of the system to operate ind 
pendently. The rest of the syste 
consists of water cooler, dehumidi 
fier, chilled water pump, sump puny 
two condenser water pumps, forced 
draft spray cooling tower; an 
booster fans, heaters, ducts, controls 
etc., for each individual zone. 

The air conditioning system is split 
up into five zones as follows: 1. P: 
vate offices. 2. General offices. 3 
Mezzanine floor of bakery. 4. Mair 
floor of bakery. 5. Bread coolers 
The central dehumidifier supplies 
conditioned air to the first four zones 
and chilled water lines from the cer 
tral water cooling system carry r 
frigeration to the bread coolers. 

The private and general offices ar 
year ‘round conditioned to maintain 
75 F and 50 to 55 per cent relativ: 
humidity. The private offices are o1 
a separate zone because they have ai 
outside exposure and consequent) 
conditions vary more widely ther 
In all offices conditioned air is intr 
duced through ceiling outlets inco1 
porated in the overhead lighting sys 
tem. 

The bakery proper consists of t! 
receiving room, flour storage, past: 
department, mixing room, bread d 
partment, cake department, ove: 
space, bread loading and cake load 


“Manager of Air Conditioning Div., York 
Machinery Corp. 
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ing spaces—a total area of 97,500 sq ft where proper 
temperature and humidity control is most essential to 
uniform production. This area is maintained at 80 F 
and 50 per cent relative humidity and is handled as 
_ne zone with a complete air distributing system arranged 
for year ‘round air conditioning. The main heat load is 
due to the traveling ovens and is so large that exhaust 
fans carry most of it directly to the outside. In winter 
these fans are shut off and the oven heat is recirculated to 
provide heating for the whole plant. 


Bread Cooling Important 


In applying refrigeration to the bread cooling system, 
the air conditioning engineers were surprised to learn that 
there was little available information to work with. Bread 
cooling has been a hit-or-miss proposition with bread 
being stored on racks and subject to any room tempera- 
tures from 75 to 100 F and any prevailing humidity or 
mold spores in the air. In addition, variable air currents 
throughout the racks made uniform cooling impossible. 
Helms Bakeries found that the bread wrapped before 
proper cooling is apt to mold and also that high humidity 
during cooling has a decided effect on the softness of the 
bread. In an attempt to control cooling in the bread 
cooler, Helms had previously installed an air washer and 
filters for air supplied to this cooler. In spite of this 
equipment, variable outside conditions would often raise 
the humidity of the washed air to a point where unde- 
sirably soft bread resulted. After a complete survey of 
these conditions, the engineers revamped the washer to 
incorporate refrigeration by means of chilled water, and 
in addition installed a new cooler of slightly different de- 
sign than the old one. The system is now able to main- 
tain the required constant temperature and humidity at 
all times regardless of outside conditions. Better cooling 
is accomplished without using so much outside air. 

Cooling is a very important part of the baking process ; 
a Chicago bakery which installed air conditioning reports 
that their cooling time has been cut almost 15 per cent 
and it is their firm belief that this faster cooling results 
in better pies. The inside steam, they believe, has less 
chance to continue cooking the crust and as a result the 
pies are dry and crisp rather than damp and soggy. The 
effect is a decided improvement in the appearance and 
quality of the pastry, resulting in an increase in sales for 
this establishment. 

The Helms bread wrapping mezzanine is air condi- 
tioned for year ‘round control of temperature and humid- 
ity. The same conditions must be maintained here as in 
the bread cooler to prevent any change in temperature or 
humidity which might affect the bread inside the wrap- 
ping. Air is supplied by overhead ducts on the side walls, 
blowing toward the center. 

In summing up this air conditioning system there are 
several noteworthy points. First, the method of zoning 
allows individual operation and flexibility so that the 
system can take care of variation in requirements at dif- 
ferent peak conditions. Second, the method of using 
oven heat for winter heating reduces the size of the win- 
ter equipment considerably. Third, the synchronous 
compressor motor, of leading power factor, helps to bal- 
ance the lagging power factor due to the operation of a 
number of small induction motors in the bakery, hence 
improving the power factor for the entire plant. In fact, 
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this synchronous motor may be run without either com 
pressor in operation, just for this purpose; this is pos 
sible because electric clutch connections from motor to 
compressors permit the motor to operate one or bot! 
compressors, or run free if necessary. 


Is Complete Bakery Air Conditioning Justified? 


Has this installation justified itself? The best answer 
is to quote Pres. Paul H. Helms, who says: “In the first 
place, we have absolute control of humidity in our shop, 
which is a great help indeed because the humidity in any 
bake shop varies considerably—not only with the outside 
temperature and daily air conditions, but also with the 
volume of merchandise manufactured. 
cently we had to bake a large order of hot cross buns 
hours ahead of time and hold them in the shop until we 
were ready for delivery. At this particular time we 
raised the humidity in the shop to keep the buns moist 
and to prevent drying out. 
we reduce our humidity so that the merchandise does 
not sweat and so that the bread and rolls keep a crisp 
crust, and we find that having this humidity control not 
only in our fermentation room and proof case, but also 


For instance, re 


Most of the time, however, 


in the shop itself, including the bread cooler, is a great 
boon to our manufacturing problem 

“One of the greatest benefits we have is the absolute 
uniform cooling of our bread regardless of outside con 
ditions, which can only be accomplished with refrigera 
tion. Depending on the cooling from the water sprays 
alone is not enough. This past summer we had scarcely) 
one complaint of bread mold, and of course some days 
were very hot and humid. 

“As I look back upon it now, I would make this entire 
investment for the better employee relationship. W< 
have the happiest baking crew I have ever seen in any 
one shop in my 25 years of baking experience. In addi 
tion the efficiency of our people has increased about 10 
per cent, as closely as we can figure. 

“Air conditioning has gone a long way in insuring 
cleanliness in our plant—dust is taken out of the air and 
the air is cleansed and recirculated. We find it much 
easier to keep our shop clean. Dust is not even found in 
our flour sifting room. 

“The air in our bakery—because of air conditioning 
is handled just like any other ingredient that goes into 
the manufacturing of our products. We have a man that 
makes an hourly trip checking conditions in all parts of 
the shop, marking down in all departments the humidity 
and temperature. Our wrapping department, where we« 
have five electrically heated wrapping machines, is ideal 
We have no heat—we have no trouble sealing paper 
we practically never have re-wraps—we save time and 
paper. 

“One of the greatest advertising features we have is 
the air conditioning in our bakery.” 





Recent advances in oil burner design may make pos 
sible the renaissance of the steam automobile, which was 
in a poor competitive position in the early automobile 
market, partly because of difficulties with its firing equip 
ment, according to Arthur D. Little, Inc.'s “Industrial 
Bulletin.” Now, greatly improved gun type oil burners 
and more automatic controls make these cars again 
feasible. 


“ 
~ 
i 





Swivel Joints Simplify Process Piping 


By Oliver J. Haller* 


UNIQUE arrangement of piping and_ swivel 
joints was recently fabricated for the purpose 
of transferring fluid from one vessel to another. 
The illustration shows the installation in a sulphate pulp 
mill where each digester serves six diffusers or washers. 
The specific problem here was to so arrange the piping 
and connections that the discharge from the digester 
could pass through any two of the diffusers in series. 
Since the digester is blown with steam at a pressure 
ranging from 125 to 150 lb per sq in., and the diffusers 
operate at atmospheric pressure during the pulp wash- 
ing process, it is necessary to flash off the excess heat 
of the blow. The flash vapor is therefore permitted to 
pass into a second diffuser, which also acts as a save-all 
for any pulp that is carried over. From this second 
diffuser the flash vapor passes to a condenser where the 
remaining condensable vapor is recovered and the non- 
condensable vapor passes to the atmosphere. 
In this particular installation the diffusers are placed 
in two rows of three tanks each. This arrangement 


"Engineer, Pittsburgh Piping and Equipment Co 


Unique arrangement of piping and swivel joints enabling dis- 
charge from digester to pass through any two of six diffusers in 


wr 


requires permanent connections from the four most d 
tant diffusers to positions that are the same dista: 
radially from the center of the digester as are the ty 
middle tanks. A simpler installation could be effect: 
if the tanks were located in a concentric circle arow 
the digester. 

The discharge pipe of the digester, the pipe leadi: 
from the first diffuser to the second, and the pipe ent 
ing the condenser, are each fitted with a swivel joint 
permit connection of the digester to any two of the s 
diffusers. The pipes are rotated to the desired position 
by two independent motor driven carriages operating 
a circular track. Each carriage is equipped with a liftir 
jack for raising the pipe so the joint can be disconnect 

Except at the swivel joints, and connections to 
fixed pipes leading from the diffusers, the entire pipir 
system is of welded construction to reduce weight t 
minimum. The welding elbows are steel castings wit 
reinforced back so they can resist the erosive effect 
particles of pulp at the bends. The glands and stuffin 
boxes are lined with stainless steel to prevent erosio: 


series. Pipes are rotated to the desired positions by motor 
driven carriages running on the circular track 
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iguring Solar Heat Gains of Buildings 


By William Goodman* 


N the May and June issues, tables were presented 

and their use explained—for computing the solar 

heat gains through walls, roofs, and windows. The 
theory underlying the subject of solar heat gains and the 
methods used in preparing the tables were discussed in 
July and August and are continued this month. 


Theory of Solar Heat Gains Through Walls and 
Roofs 


The solar heat gain through walls and roofs cannot 
easily be computed with any degree of accuracy. Al- 
though methods are available for accurately estimating 
the heat gains through walls and roofs, they are not suit- 
able for the everyday work of estimating. Furthermore, 
even if one were inclined to use these methods, the 
values of /,, and the physical properties of many build- 
ing materials—such as density and specific heat—are 
not known with a sufficient degree of precision to war- 
rant the use of elaborate computation procedures. 

The amount of radiant energy that will probably fall 
on the outside surface of a wall or roof can be computed 
by means of Equation 3. But of this amount only a 
relatively small percentage reaches the interior surface 
of the wall, there to be transferred to the room air. 
First, a certain amount of radiant energy is reflected 
back into space from the outside surface of the wall. 
The amount reflected and the amount absorbed by the 
surface depend upon its color and texture. The heat 
absorbed by the surface raises its temperature to a point 
higher than the temperature of the surrounding outdoor 
air. Because of this, some of the solar heat absorbed 
by the surface is transferred to the outdoor air in con- 
tact with it. Of the remaining portion of the solar heat 
that starts the trip into the interior of the wall, only a 
fraction ever reaches the interior surface. The reason 
for this is to be found in the heat capacity of the struc- 
ture itself. When sunshine first falls on a surface, 
it raises the temperature of that surface. Heat is con- 
ducted from the outside surface layer of the wall to the 
layer underneath. Therefore, the temperature of this 
layer increases also, and it in turn transfers a fraction 
of the heat that it receives to the layer underneath it. 
Each layer transfers to the next one slightly less heat 
than it receives because some of the heat is retained in 
raising the temperature of the layer itself. Eventually 
the temperature of the inside surface of the wall is 
raised sufficiently so that heat is transferred from this 
surface to the air in the room. 

Because the temperature of the entire mass of the 
wall must first be raised before the inside surface tem- 
perature of the wall can be inc:eased by solar heat, the 
maximum flow of heat from the interior surface of the 


_*The Trane Co. 
Editors. 

Part 5. Part 1 was published in Heatixc, Pirtnc anp Arr ConpItion 
ING, May, 1938, pp. 215-318; Part 2 in June, pp. 391-394; Part 3 in 
July, pp. 445-447; and Part 4 in August, pp. 521-523. 

' See list of symbols on p. 446, July issue. 
Copyright, 1938, by William Goodman. 


Member of Board of Consulting and Contributing 
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wall to the air in the room takes place some hours afte 
the solar energy falls on the outside surface at the maxi 
mum rate. 
required for heat to travel through a wall is known as 
its time lag. 

A wall acts as a reservoir for the storage of sola 
heat. I 


As previously stated, the numbet of hours 


When sunlight first falls on the surface of a wall, 
heat is stored within the wall as the 
the various interior layers of the wall increas« Late 
when the rotation of the earth carries th 
of the sunlight and into the shade, the temperature 

the wall falls as it loses heat to the cooler outdoor at 


temperaturt ~ 


surtact uit 


Because of the reservoir-like action of the wall, only a 
fraction of the heat that starts the trip into the interior 
vf the wall ever reaches the room. from an analysis 
presented in Appendix 9 of some A.S.H.V.E. tests, 
is probable that not over 50 per cent of the solar heat 
that starts the trip into the interior of a wall or roof of 
ordinary construction ever reaches the inside surta 
of the wall This value is offered not as a definite and 
accurate one, but only as one that may be regarded as 
safe for estimating the probable maximum solar heat 
gain through walls and roofs of ordinary construction 
This method of assuming a constant percentage for the 
solar heat transmitted through a wall cannot be cd 
fended on theoretical grounds, but in the present stat 
of our knowledge, it seems to offer the only simple work 
able method of attacking the problem. 

By analyzing the flow of solar heat through a wall 
and regarding the percentage transmitted as constant, 
the following formula is derived in Appendix 9 for con 
puting the solar temperature differences of walls and 


re ots. 


In computing Tables 1 to &, the following constant 
values were used in Equation 13 L220, = @.5, 
D = 15 deg. For dark-colored surfaces, a 0.9. For 
medium-colored surfaces, a = 0.7. 

Substituting these values in | 13], the following equa 
tions result. 
Tables 1 to 8. 


These equations were used in computing 


For dark walls Ds 0.225 / 7.5 [44 
For medium colored walls: Ds 0.175 / 7.5 [15 


By means of Equation 13 it is a simple matter to cd 
rive working equations similar to |14] and [15] for 
surfaces having different values of a, P, or D. For light 
colored, smooth surfaces, a value of a = 0.4 is customa 
rily used. Values of a for a large number of surfaces of 
different colors and textures are listed by Brooks*®. Th: 
uncertainty as to the condition of a surface over a long 
period of time because of the dirt and weathering, makes 
it difficult to select the value of @ with any accuracy 
For this reason, it is probable that the values of 1), 


*Brooks, R. A., Solar Energy and Its Use for Heating Water in Ca 
fornia, Bulletin 602, University of California, Table 3, p. 18 


? 


’ 
listed in Tables 1 to 8, which were computed for a val- 
ues of 0.9 and 0.7, will prove satisfactory in most in- 
stances for estimating the probable solar heat gain. 

Where temperature differences other than 15 F are 
used in computing the conduction heat gain, the values 
in Tables 1 to 8 can be corrected by means of the fol- 
lowing equation derived from [13]. Where the design 
temperature difference D does not differ much from 15 
F, the correction may be ignored, 

Ds: = Da + (1 P) (D, Ds) 
Ds: = Da + 0.5 (15 7 ee .[16] 
Ds, = tabulated solar temperature difference ; 
Ds: = corrected solar temperature difference ; 
D, = 15 degrees Fahrenheit ; 
D, = assumed design temperature difference. 

Example 6 illustrates how the solar temperature dif- 
ferences in Tables 1 to 8 were computed. 

Example 6: Find the solar temperature differences for a dark 
colored wall facing west in a latitude of 35 deg at 2 p. m 

Solution: 

‘rom Table 9, cos t= 0.4698 

From Table ro, I» 302 Btu 

Ja = Ip cos .. [3] 
= 302 X 0.4698 
= 141.9 
Ds 0.225 Ju 7.5 . [14] 
0.225 X 141.9 — 7.5 
24 F. 

Occasionally when using Equations 14 and 15 for 
computing the solar temperature differences in Tables 
1 to 8, negative values were obtained. A negative value 
of D, means that the total solar heat gain is less than 
the conduction heat gain when the surface is in the 

, shade. Because of the present state of knowledge con- 


cerning the solar heat gain through walls and roofs, it 
seems best not to use any value of the total solar heat 
gain that is smaller than the conduction heat gain. For 
this reason, negative values of D, are not given in the 
tables. In such cases, the minimum solar heat gain is 
assumed to have the same value as the conduction heat 


gain, 
Appendix 1—Derivation of Equation 3 


lu — I» Cos 1 


The total radiant energy in a beam of sunlight at the surface 
of the earth is the same at all sections of the beam. Referring 
to Fig. 1, the total solar energy passing through the imaginary 
perpendicular plane 3-4-5-6 is equal to the total energy falling on 
the plane /-2-3-4, or , 


JuA = IpAp 
A area of plane 1-2-3-4 in Fig. 1. 
Ap area of plane 3-4-5-6 in Fig. 1. 
Ay 
le = Jy i ey b's bok Spee ee [a] 
A 
Ap» 3—6 
But : = sinh.. ee cee 
| 2—3 
Also h = i— 90 
sin h = cos : : ‘ ; os Ic] 


Substituting [b] and [c] into [a], 


la ly cos ¢ 


ee 


Appendix 2—Derivation of Equation 5 
cos i = cos A sin (s — @) 


Referring to Fig. 4, 


/ 5 

cos hh 
I ; 
I / 

cos a 
I 5 


Multiplying [a] and [b], 


l ! 
— COS h cos a 
i ? 
I f 
But CR © cc eccuceuseccesseoceses 
I 3 


Equate [c] and [dj], 
COS 1 cos A cos a 


Reterring to Fig. 3, 


a-+s 4+ 90 
a 4 > + 
cos a cos 114 xs) + 90] 
sin (@ z) 
sin (s #) 


Substituting [f] into [e], 
cos i = cos A sin (sz A) 


Appendix 3—Derivation of Equation 7 
Pr (1 Py eo : 


When a ray of light is intercepted by the boundary suri 
between two different substances, part of the light passes 
boundary and enters the second substance; the remaining port 
of the light is reflected by the boundary surface. This is il! 
trated in Fig. 8 where a ray of light of energy /s is interce 
by the outside surface 4-4 of the glass. Part of the ray pas 
the boundary A-A and enters the glass with a diminished en 
/’. and the balance of the ray of energy A, is reflected fron 
surface. 

In the same way when the light passes from the glass 
to the air, it is intercepted by the boundary surface B-B 
part of the ray /; passes from the glass into the air, and 
balance, of energy K:, is reflected back from the inside sur 


B-B. 





Fig. 8—Path of ray of sunlight through single and double 
glass, showing energy transmitted, reflected, and absorbed 
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The problem here is to find the radiant energy, /,, of the ray 
which finally emerges from the first thickness of glass. Inas- 
much as only a single thickness of glass is being discussed here, 
he second thickness illustrated in Fig. 8 is to be ignored for 
the present. The energy reflected and transmitted at the boun- 
dary surface A-A is related to the incident energy by 


OE SPE Ee ieee ee ee me ) 
Ru 
I's la (: ) 
lu 
Rau 
Let Py " 
leu 
oe Pt @ Tey) a ornare a 
Py = per cent of incident light reflected from a single boun- 


dary surface. 


The value of Pr is computed by means of Fresnel’s formula 
which is given in Appendix 7. 

The value of Pr above is not the total light reflected, as fur- 
ther reflection takes place at the inner surface of the glass when 
the ray passes the surface B-B from the glass into the air. This 
is also illustrated in Fig. 8. 

At the inner boundary surface B-B, 


io e Pe es as Peat Ter [c] 


R; 
i, 


Now for the same angles of incidence and refraction, it is evi- 
dent from Fresnel’s formula (see Appendix 7) that 


Rx R,; 
Py = = ERNE GLE, SEN Ee .. fel] 
ly I, 
Therefore, 
Raf (1 Ped ita dain tea iit scneT 
I; 
] i— a -[g] 
i— Py; 
Now a third formula is needed to relate /’; and J's. Of the 


incident energy /u, the energy /’s (see Fig. 8) passes the boun- 
dary. If there were no absorption of energy by the glass itself, 
the energy /’. would impinge on the inner boundary B-B. Be- 
cause of the absorption of energy by the glass itself, the energy 
incident at the inner boundary B-B is reduced to /’;, where, 


In this formula & is an experimentally determined constant 
whose value depends upon the characteristics of the substance 
through which the ray is passing. The value of L, the length 
of the path that the ray follows through the glass, can be com- 
puted by means of the following formula, whose derivation is 
vbvious from the geometry of Fig. 8, 


t . 
L=- Po te CORRS tah ot Fe ee oe a pene 1j] 
cos r 
t = thickness of glass; 
r=angle of refraction. 


Substitute [b] and [g] into [h], yielding 


IF 
— = (l1- 
Is 


adewe Pee 


Now /://« is the fraction of the incident energy that is trans- 
mitted through the glass as radiant energy. Let 


I; 
Px ae TT nc wec er eet es berecedceaeceoesieeseveses {1} 
le 


Therefore, 


Pm = (1— Pr)* e* 


Industrial Heat 





Transfer, Schack, Goldschmidt, and Partridge, p. 183 
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Appendix 4—Derivation of Equation 8 


Ps (1 Py) (1 e* 
Referring to Fig. 8, the radiant energy absorbed by the singk 
glass 1s (1's I’,) 
From [b] of Appendix 3, 
a" fe (1 Py ) i 
From lg] ot Appendix 
I’; [b] 
1 P; 


Subtract [b] from [al], 


] 
[*; | (1 iy) 
1 P, 
] ] ] l 
(1 Py) 
j le 1 rs 
Eliminate /,//. from [c] by means of |[k A ppe é 
sulting in 
I I’, 
(1 P, ! j 
(1 P, > ! 
I’, ’ 
Now is the fraction of the incident energ 
j 


absorbed by the glass and converted into heat, ot 


iL V 


The ref re, 


Appendix 5—Derivation of Equation 9 
Px = P's 


Phe ray of light travels through parallel plates of glass of « 
thickness. As before, /y is the energy incident to the first plat 
of glass, and /, is the energy leaving the first glass and entering 
the second glass. /. is the energy of the ray of light leaving the 
second thickness of glass. The problem here is to find the radiant 
energy /; of the ray that finally emerges from the second glass 

Evidently an equation analogous to [k] of Appendix 3 is als 


applicable to the second plate of glass alone, or 


] 
(1 Py)*e™ i 
], 


\lso from [k] of Appendix 3, 


l, 
(1 Py re ki 
Ie 
Multiplying [a] and [b], 
/ 
a - (1 Py )*e *L 
| 
But, squaring Equation 7 of the text, 
P*, (1 Py) *e *kL. 
I; 
Therefore, — = Pn. ; : Id} 


u 


Now (/:/Ja) is the fraction of the incident energy that is trans 
mitted through the two plates of glass. Let 


] 
Pr 
le 
Therefore, Pr = P*n: 


[To be continued] 










Brass Piping Protects Product 
at Vermont Maple Sugar Plant 


By Augustus Conlin* (with Francis A. Westbrook) 


RASS piping for the handling of hot maple syrup been installed under the tanks; these are of the sing 

is an important item of equipment at the plant cylinder steam driven type. They are arranged 

of the Cary Maple Sugar Co., St. Johnsbury, pumping from the standardization tank to the filter or 
Vermont. Brass is used both from the standpoint of the unfiltered storage tank, or from the latter to the filt: 
maintenance and for protecting the quality of the The pumps have brass linings. Pipes and pumps ha 


also been installed to provide for flushing the tanks a: 


product. 
syrup pipes with hot water. Such cleaning is essent 


The extent to which syrup is handled in piping will 
he appreciated from the following brief description. [Concluded on p. 579] 
The material is received in large 
drums from producers in about 10 
different states. It is dumped into 
tanks on the first floor and pumped 
to large storage tanks on the fourth 
floor. From these the syrup may 
descend by gravity to the cookers 
on the second floor where it is boiled 
down for the making of sugar, or it 
may go down to the third floor to 
a vacuum tank where it is standard 
ized as to density. It is in connec- 
tion with the latter that the most 
interesting use of brass piping is to 
be found. 

Adjacent to the 500 gal standard 
ization tank there are three 2000 gal 
storage tanks and one of 1000 gal. 
One of the 2000 gal tanks is next to 
the 500 gal tank and is used for 
the temporary storage of unfiltered 
syrup; that is, after the syrup has 
been standardized it must be filtered 
before bottling. It is sometimes 
pumped direct to the plate and frame 
filters on the floor above, or if, this 
is not convenient it can be pumped 
into the storage tank first and then 
to the filter later on. After filtering : owt 
it passes by gravity to one of three . 
storage tanks for filtered syrup. 

When it is to be used for bottling 
it is forced by air pressure to a small 
tank near the ceiling and close to the 
filling machine, to which it descends 
by gravity. In order to be free flow- 
ing and to insure sterilization its 























temperature must be around 175 F. 
Obviously, considerable piping is 
called for and several pumps have 


*Chemist, Cary Maple Sugar Co., Inc 
— 


t 


Above—Cooker for boiling down syrup for 

the production of maple sugar. Copper % 

ducts are used for carrying off the vapor. = - 

. Below—A view of the filters, showing ; : 
some of the brass piping 


sf *\f 
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HE review given in July’ of d-c and polyphase a-c 
motors covered the great majority of boiler room 
motors. There remains to be discussed one group 

of ae motors, known as single phase motors. A brief 

consideration of them is justified because there are heat- 
ing plants in commercial buildings, apartments, small 
hotels and public buildings where only single phase cur- 
rent is available. In addition, many single phase motors 
are used to drive electric fans of the common propeller 


blade type. 
Single Phase Motors 


The earliest form of single phase was probably the 
split phase motor, and it is still frequently used. Its 
rotor was described with the squirrel cage and capacitor 
rotors, as all are similar. Many manufacturers who 
offer squirrel cage and split phase motors in the same 
sizes and capacities make the rotors of the two types in 
terchangeable. From the viewpoint cf maintenance serv 
ice, this is of some advantage, as not infrequently a 
temporary split phase stator is slipped over a squirrel 
cage rotor to keep a machine running while the regula: 
stator is being rewound. Or again, during construction 
of a new building, the stoker or oil burner is required 
to deliver temporary heat for permitting construction op- 
erations during cold weather before the building is com- 
pleted and before the public service company has 
provided three phase current. In such cases, the inter- 
changeability of the two kinds of stators makes it pos- 
sible to operate the boiler under mechanical firing with 
but a very simple change in the motor. 

The stator of the split phase consists of two windings, 
starting and running. The starting winding is very light 
and is able to carry current for a few seconds before it 
overheats, and in overheating it will damage both itself 
and the running winding. The starting winding circuit 
must be opened by a centrifugal device the instant 
proper speed is attained. Various types of centrifugal 
devices are employed, most of which are entirely satis 
factory at speeds of 1800 or less but may not be at 3600 
rpm. Some of them are delicate and offer operating diffi- 
culties. Failure of the centrifugal switch to open usually 
results in both windings burning out, or at least the 
starting winding is damaged. Perhaps the inherent fault 
of the centrifugal switch is that fairly expert workman- 
ship is required in removing and replacing the motor or 
its end bells, and in the routine servicing of small mo- 
tors or the appliances which they drive that expertness 
Ils sometimes lacking. 

Another objection to the centrifugal switch is that it 
sometimes interferes with the logical arrangement of the 
motor with respect to the rest of the mechanisin, since 
accessibility must be permitted to the end bell and the 
centrifugal switch for servicing, and in the case of hori- 
zontal rotary oil burners the switch interferes with the 
passage of an oil feeding arrangement through the mo- 
tor shaft, or occupies the space around the shaft which 
should be reserved for oil seals and other parts. But the 
final and strongest objection to split phase motors is the 


one raised by power companies themselves; the starting 
"Mid-West Heat Service Co. 
‘Ace Engineering Co. 


Copyright, 1938, by Kalman Steiner. 
‘Heatinc, Prpinc anp AIR Conpitioninc, July, 1988, pp. 441-444. 
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current is very heavy. In certain localities (Chicagu, 
for instance) the public service companies have rulings 
against the use of split phase motors except in very small 
sizes, less than 1/6 hp. That is, certain maximum allow 
able starting currents are established for each 


rating 





Motors in the 
Heating Plant 


By Kalman Steiner* and Fred Ravnsbeck 


Not a technical treatise on electric motors 
but a simplified description of the types 
ordinarily used with plant and building 
heating systems is given here. The 
authors are primarily heating men, write 
from the viewpoint of the operating engi- 
neer concerned with operation and main- 
tenance of the motors which are a part of 
the heating system 





and split phase motors usually fail to comply with thes 

The second type of single phase motor, the repulsion 
induction, starts by electrical repulsion and then runs by 
induction, just as do all other types of a-c motors except 
the synchronous. Starting is accomplished by placing a 
winding on the rotor, in which a current is induced 
from the current applied to the stator. The electrical 
nature of the motor requires that after it reaches speed, 
a short circuiting device must be brought into contact 
with all segments of the commutator. The latter, with 
a set of brushes, is required to permit the motor to start 
Generally, too, the brushes are lifted away from th 
commutator when not needed. All this means a mechan 
ical system of some complexity, usually operated by a 
centrifugal governor. Again it can be said that here ts a 
motor which gives a high degree of satisfactory pet 
formance at low and moderate speeds, but which ex 
hibits objectionable behavior at 3600 rpm. Particularly 
objectionable from the standpoint of horizontal rotary) 
oil burner application is the need for a rotor winding, 
for this necessitates a two piece screwed shaft, instead 
of the single piece shaft which is possible with othe: 
types of a-c motors. In the cases of both oil burners and 


stokers, grime and dust soon coat the commutator and 
necessitate periodic cleaning. 
Last in the single phase motor group is the capacitor 








motor. Most recent developments in the single phase 
field have been with this motor, although its theory is 
not new. 

This motor overcomes many of the objectionable fea- 
tures inherent in the split phase and repulsion induc- 
tion; the high starting current of the former and the 
wound rotor and brushes for the latter are not found in 
the capacitor. In addition, the rotor (as with the split 
phase) can be made identical to and interchangeable 
with the polyphase rotor. The capacitor motor has a 
starting winding, but has in addition a capacitor which 
is not integral with either the stator or rotor. It may 
be housed in the stator casing or upon it, or may be con- 
tained within a separate box that need not be physically 
attached to the motor at all, but may be hung or sup- 
ported at any convenient point, such as the panel board 
which carries the motor starting relays, controls, etc. 
The capacitor housing will also contain the magnetic re- 
lay which cuts out the starting winding when the motor 
is up to speed, if that style of cutout is used. The cur- 
rent that energizes the magnetic relay to accomplish this 
is induced by the rotating motor, and no centrifugal or 
other mechanism is required on the motor itself. But 
the general practice is to use a centrifugal switch up to 
4 hp. 

As regularly made, the capacitor motor is a constant 
speed machine, like other standard a-c types. Many of 
its common applications, however, can use speed control 
to excellent advantage. Typical of such are electric fans. 
or this purpose a rather unusual method is resorted 
to. Ordinarily, the speed of an induction motor is in- 
dependent of the voltage. But with the capacitor, it is 
possible to secure from a transformer a voltage that will 
cause an excessive amount of slip, which in any induc- 
tion motor is the ratio or percentage expressing the re- 
lationship between actual motor speed and the synchron- 
ous speed. In such motors the voltage is increased for 
starting and then reduced by having a centrifugal switch 
change the connection after the motor is up to speed. 


Fig. 1—Diagram of split phase motor. A, A are the main poles; 

B, B are the starting poles; C is the centrifugal switch which 

opens the starting winding as the motor comes to speed; 
D is a resistance in the starting winding 


Fig. 2—Diagram of repulsion-induction motor. As motor starts, 

the brushes successively make a circuit around one of the rotor 

conductors. When the rotor turns fast enough to operate a 

centrifugal device, a short-circuiting mechanism makes a single 

contact between all the rotor conductors. The line voltage across 

L, and L, is 220; by connecting A to B, and changing L; to 
become L;, the motor runs on 110 volts 


Fig. 3—Diagram of capacitor start, capacitor run motor. When 
the motor is at rest, L: connects to “run” position in current 
relay. At instant of starting, heavy inrush current activates the 
current relay, connecting L. to “start” position. When motor 
reaches % speed, diminishing current drops out relay, recon- 
necting L. to “run” position. The auto-transformer, besides 
serving during the stariing period, may also be equipped with a 
manual setting device to induce different voltages, which in turn 
will result in different motor speeds 


Fig. 4—Diagram of capacitor start, induction run motor. When 

the relay pulls in, because of the voltage changes caused by the 

motor approaching speed, the starting winding is opened. As 

shown, the connections are for a line voltage of 220 volts. By 

merely making the connections indicated by the broken lines. 

and removing the connection between A and B, the motor will 
run on line voltage of 110 volts 
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The transformer will be built in with the starting con- 

‘tenser. Usually, the rotor of an adjustable speed motor 
is of slightly different construction from standard con- 
stant speed forms. 

Propeller type fans—such as are often used to ex- 
haust air from a large public room or kitchen—do not 
need a high starting torque, since the load builds up 
with the speed. Here, for constant speed work, split 
phase motors will do. But when speed control is de- 
sired, a variable speed type of capacitor must be used. 
Pumps, oil burners, and stokers, which do not require 
motor speeds above 1750 rpm, can use repulsion induc- 
tion motors, as such applications are almost universally 
constant speed. But at higher speeds, even in constant 
speed applications, the capacitor motor can be more 
profitably applied. One of the largest electrical manufac- 
turers in the country has discontinued the manufacture 
of split phase motors, preferring to cover the entire range 
of single phase motor work with the repulsion induc- 
tion and capacitor types. 


Starting Induction Motors 


Induction motors up to 10 hp can generally be started 
across the line; that is, the main line contacts to the 
motor can be closed and full line voltage applied to the 
motor while it is at rest. Such starting is most often 
done by having a solenoid coil pull in an iron bar which 
will in turn carry with it the motor starting contacts. 
The typical across-the-line starter will have a pushbut- 
ton station, if the motor is to be started manually, with 
one button for starting and another for stopping, the 
contacts being in the coil circuit. For automatic start- 
ing of pumps, burners, or stokers, the coil circuit is 
closed through some automatic control device. 

The comparatively high inrush current when starting 
induction motors above 10 hp prevents throwing them 
across the line. There are two methods for starting 
large squirrel cage motors, both serving to reduce the 
starting voltage. The first consists merely in placing 
sufficient resistance in the line to bring the voltage down 
to a value which will not cause a heavy current flow. 
The second is to use auto-transformers. By this last 
method the reduction in voltage does not entail a loss 
in current through the resistance, as does the first. The 
common compensator type of starter, as the auto-trans- 
former starter is called, has a manually operated two 
position switch. The switch is first thrown. into the 
position which will enable the auto-transformer to start 
the motor at reduced voltage; the switch is then thrown 
to the running position and the motor is across the line. 
The running position throws into the circuit also over- 
load protective devices and low voltage release. 


Motor Frames 


Motor frames are available in a variety of styles. The 
nature of the frame is indicated by the name applied to 
it. Customary styles of frames are open, semi-enclosed, 
totally enclosed, enclosed ventilated, enclosed fan cooled, 
splash proof, explosion proof, and so on. The open 


Irame is generally employed unless the conditions of op- 
eration or installation require one of the other special 
types. 
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Slip 


In closing, the authors take a few lines to amplity 
a subject which was given slight attention in a pr 
vious paragraph—the term slip. When an alternati 
current supply is connected to the stator of an induct 


motor, a rotating field is set up. As this held revolve 
around the rotor, it cuts the conductors of the rotor, and 
thereby induces in the rotor winding another electri 
current. The effect of the two currents is to caus¢ 
rotor to turn. 
tions to consider 


There are, therefore, actually two 
that of the rotating field set up in the 


stator, and the rotation of the rotor. The former is calle 
the synchronous speed, and it is this speed which is re 
ferred to in the formula given in the July artich he 


latter is the actual motor rpm. 

It is apparent that should the actual speed equal the 
synchronous speed, there would no longer be an inducing 
force, for it is the cutting of the rotor conductors by the 
rotating field that induces the rotor current. When the 
two are not in relative motion to each other, induction 
ceases. The difference between synchronous speed and 
rpm is called the slip. The greater the load, the greater 
the slip. That is, as load causes the motor to slow dow: 


the slip is of course greater. But as has been brought 
out, induction motor speed regulation is held within 

per cent, which means that the slip does not increas¢ 
more than that percentage between no load and full load 





Maple Sugar Plant— 


| Concluded from p. 576] 


as stale syrup ferments and will contaminate the pack 
aged product. 

The 1 in. hot water piping in the bottling depart 
ment is also of brass, and brass is being used for all 
replacements throughout the factory for the hot water 

The brass piping for the hot syrup is 1% and 
in size, 


lines. 


2 in. 


Copper Ducts Remove Vapor 


Another interesting feature of the plant is the systen 
of copper ducts for carrying off the vapors rising from 
the kettles in which syrup is cooked in the process « 
making maple sugar, which is used in the tobacco indus 


try. There are two cookers on each side of the room 


and each has a separate line, the two joining near the 
exhaust fan. 
from the second cooker to the blower 16 in. in diameter 
The outlet from each cooker is 10 in. and when the two 
16 in. sections join the diameter is 24 in. which is the 
size of the inlet to the blower. This arrangement pr 

vents steam and the accompanying fumes from the cook 

ing process from entering the room and keeps thi 
atmosphere clear at all times. This is particularly 
important during the extremely cold days which ocew 
off and on in winter, for the condensation of moisture on 
the outside walls would be a serious matter at such times 
if an excessive amount of 
room. 


The first section is 12 in. in diameter and 


steam were present in the 









Eliminating Fire Hazards 
in Air Conditioning Work 


By H. C. Murphy* 


LIMINATION of possible fire hazards in venti- 
lating systems has been studied by various groups 
for a number of years. As early as 1899, the Na- 

tional Fire Protection Association discussed methods of 
securing maximum safety in the installation and opera- 
tion of blower and exhaust systems. 

In 1900, the N.F.P.A. committee on blower systems 
issued its first recommendation on this subject. These 
regulations have from time to time been 
revised to meet new developments and con- 
ditions. The complete regulations are con- 
tained in a booklet which may be obtained 
from the National Fire Protection Association 
or the National Board of Fire Underwriters 
by applying for their Pamphlet No. 90. 

At the annual convention of the N.F.P.A. 
recently held in Atlantic City, the following 
amendments to the regulations as contained 
in Pamphlet No. 90 were adopted. These 
revisions are the result of careful study and 
investigation of present conditions by the 
committee, and compliance with these rules 
will be of undoubted benefit to all concerned. 
PART I, AIR CONDITIONING AND VENTILATING 

SYSTEMS IN OTHER THAN RESIDENCES 

Add new paragraph 114A, as follows: 

114A. Combustible coverings or combustible exterior insula- 
tions to ducts are not recommended and should not be used gen- 
erally, particularly in concealed locations of non-fire-resistive 
construction, unless covered with a cement or gypsum plaster 
coating of % in. thickness. On ducts with entering air tempera- 
tures exceeding 175 F combustible coverings shall not be used. 

Repair work involving the use of torches should not be 
undertaken on ducts covered with combustible material until 
such material has been removed from that portion of the 
duct. 

Add new paragraph 117, as follows: 

117. Return ducts, other than vertical, shall be so constructed 
that the interior is accessible to facilitate the cleaning of possible 
accumulations of dust and combustible material in them. Cleanout 
openings at approximately 20 ft intervals shall be provided where 
the ducts are of such size that they may not readily be entered 
to accomplish the cleaning. 

Supply ducts, other than vertical, shall conform to the above 
regulations for rettirn ducts, unless all of the supply air passes 
through either water spray or filters. 

Revise paragraph 135 to read: 

135. Where ducts pass through floors, approved fire damp- 
ers shall be provided at each outlet, inlet, and branch open- 
ing in such main vertical duct. Where such ducts serve only 
one floor, only one fire damper shall be required in the main 
supply duct from the unit and one in the return. 

Revise paragraph 142 to read: 

142. Air inlet and outlet openings shall be located at least 


"Vice-president, American Air Filter Co. Member of Committee on 
Blower Systems, National Fire Protection Association. Member of Board 
of Consulting and Contributing Editors. 
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3 in. above the floor, except that protected floor inlets may 
permitted, under seats, in theaters. When located less than 

above the floor, inlet and outlet openings shall be protected 
a substantial grille or screen, through the openings in whic! 
hali-inch sphere will not pass. 


Revise paragraph 151 to read 

151. Combustible air filters should not be used unless t 
are in themselves, or by treatment, sufficiently fire-resistive 
that fire spreading over the filter when loaded 
dust and under operating conditions will not be n 
terially fed by burning of the filter itself. 

The installation of approved automatic extinguis 
ing equipment employing water, gas or other suital 
means is recommended in the enclosure of the 
conditioning system to protect against combustion 
material that may accumulate, except that protect 
is not required in the unit or cabinet type of air cor 
ditioning equipment with blower capacity not ex 
ceeding 20,000 cfm and where the unit supplies on! 
one floor area or a portion thereof. Where sprink 
lers are installed, suitable provision should be mack 
for drainage. In buildings not equipped with aut 
matic sprinklers, the water supply may be take: 
from the house piping, if the supply is adequate for the purpos: 


Add new sentence to paragraph 181, making it read: 

181. Electric wiring and equipment shall be installed in 
cordance with the National Electrical Code. Lamps within t! 
enclosure of the conditioning system shall be enclosed in fixtur 
of the marine (vapor tight) type. 

Note—It is recognized that in certain occupancies ther 
potential panic and smoke damage hazard. For such conditions 
it is recommended that consideration be given to the develop 
ment and application of suitable smoke detectors to automaticall) 
shut down the system and cause an alarm signal. 





Fuel Consumption and Color of Radiator 


An impression has been circulated that painting radi 
ators different colors affects building fuel consumption 
The basis is the finding that a black or dark radiator 
emits more heat per square foot of surface than a radi- 
ator painted a lighter color. 

“This finding is perfectly logical and true,” says Allen 
J. Johnson, director of the Anthracite Industries Labora 
tory, “but the fallacy of attempting to apply this to an 
interpretation of coal consumption is that if a room is 
adequately heated, the amount of heat it consumes is 
independent of the size or efficiency of the radiators 
The heat is used not for heating the radiator but rathe: 
the radiator acts as a medium for holding the heat unt! 
it can be discharged into the room. Therefore, the ques 
tion of fuel consumption becomes not one of the rad 
ator’s efficiency but rather one of outdoor weather, build 
ing construction, and the extent to which the buildi: 
is heated.” 
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elding High Pressure. 


High Temperature Piping 


ENERAL design of the piping involved in the 

installation of the 1200-1400 Ib, 900 F topping 

turbines and their associated boilers at the 
Waterside Station of the Consolidated Edison Co. of 
New York Inc. was discussed last month.' Details of 
the welding procedure, stress relieving, examination of 
the welds, and the support of the piping are considered 
this month. 

The welding of piping joints, both in the shop and 
the field, for the two units was performed by welding 
operators qualified under the rules of the Travelers In 
demnity Co., which follow those of the Code for Pres 
sure Piping with some extra requirements, one of which 
included the making of a satisfactory branch connection. 


Weld Details and Backing Rings 


Welding was performed by the direct current electric 
arc method using covered electrodes. These electrodes 
or welding rods were of a steel having approximately 
the same composition as the pipe, valve, or fitting being 
welded and in the case 
of welding any com- 


thicknesses greater than 34 in. calls for a 20 deg (+ 2 


} ] 


y bottom and a 


deg) U bevel with a ,*; in. radius at the 
fy in. (+ qs in.) land. 


Joints on piping smaller than 2 in., where welded 
were of the fillet strength welded type using sleeves ot 
plain couplings shown by Fig. 3 for pipe-to-pipe joint 
and socket welding end fittings and valves for pipe 
fitting or valve joints as shown by Fig. 4. This form 
of joint was found to be serviceable for such sizes and 
eliminates the need of a backing ring, which is obje 
tionable in small size lines because of the obstruction it 
causes, 

The dimension for bore of the sockets for Fig. 4 is 
the same as J) of Fig. 3. 

Welding ends of all pipe, fittings, and valves wer 
machined, and for the butt welded joints suitably bev 
elled, dependent upon pipe wall thickness as mentioned 
It was found that in order to facilitate the depositing of 
weld metal in the heavy wall joints to obtain thorough 
fusion at the bottom of the joint the 26 deg U form of 
bevel design shown by Fig. 2 proved quite satisfactory 

Tests indicated it 
advisable, in order to 


facilitate welding and 








ponent part made oi 
carbon molybdenum 
alloy steel, the mx lyb- 
denum was contained 
in the proper amount 
in the coating or cov- 
ering of the suitable 
carbon steel welding 


re ds. 





By W. J. Angus* and C. A. Kelting? tile 


The story of the design and installation of the high 
pressure, high temperature piping for Consolidated 
Edison’s Waterside Station is continued with this 
description of the details of the welding, stress re- 
lieving, support of the piping, and weld examination 


produce a more du 
weld, that the 
parts to be joined 
when welding carbon 
molybdenum alloy 
steel be preheated 
Therefore, all 
on the 


joints 


main steam 








All welded joints in 


piping and the carbon 





piping of nominal 
sizes 2 in. and larger 
are of the butt welded design, using a backing ring to 
prevent the formation of icicles or weld splatter inside 
the pipe. These backing rings are 4% or ;% in. thick 
in some cases for larger pipe sizes, and are plain, flat 
split rings 1 in. wide without spacing ribs or grooves. 
They are of steel composition, approximately the same 
as that part of the piping with which they are used. 
The design of these joints is shown in Figs. 1 and 2. 

\. S. A. sectional committee B16 is formulating a di- 
mensional standard for welding fittings and after some 
controversy has proposed that the welding bevel recom- 
mended for standardization be as will appear in the 
forthcoming revision to A. S. A. Standard Bl6e for 
steel flanges and steel flanged fittings. This in brief 
calls for a 37% deg straight bevel, with a plus or minus 
tolerance of 2% deg and a ;y in. land with a plus or 
minus tolerance of s/s in. for wall thicknesses of welding 
ends 7% to 34 in. inclusive. That recommended for wall 
-* Assistant Mechanical Plant Engineer, Consolidated Edison Co. of 
New York Ine. 

‘Assistant Division Engineer, Consolidated Edison Co. of New York 
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Heatinc, Pirinc anp Air Conpitioninc, August, 1938, pp. 512-514, 


Heatine, Pirpinc anp Am Conpirioninc, SepremBer, 1938 


molybdenum valv<« 

joints on the boile: 
feed and other lines were preheated to about 400 to 600 
Such preheating on the first unit 
was accomplished by torches, although as shown by 
Fig. 5 the joint at the turbine throttle made by the 
turbine manufacturer was preheated by means of a spe 


I before welding. 


cial electric resistance wire heating element wrapped 
around the joining parts and covered by insulation to 
retain the heat and protect the welding operator. 
Experience gained during the welding of carbon 
molybdenum alloy steel on the first unit revealed a 
further benefit to be gained by preheating and the main 
taining of such heat until welding had been completed 
Although carbon molybdenum steel is considered not to 
have appreciable air hardening tendencies, evidences of 
some were produced and cracks developed in the weld 
when the partially completed or finished joint was al 
lowed to cool down before being stress relieved. To 
prevent this at first, the preheat temperature was main 
tained during welding by the heat of welding, employ 
ing two operators on the 12 in. joint at the same time; 
aside from the cleaning of beads, the welding was con 
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Sand larger 
Note: Welding end of valves and special 
fittings to have ADand 0. of port same 
as adjoining pipe. 
Fig. | - Butt weld or girth joints on piping 2°nominal size 
and larger where pipe wall thickness /s not inexcess 
of 3". 


This point fo bein 
center of coupling 






Note: For pipe of following sizes use corresponding 
size of coupling made from pipe in sizes. as shown. 


rn 
Pipe Pipe | “enath 
Size A | Size 8 
; 7. ; 
“> Fee / 





Fig. 3 - Pipe -to-pipe welded joint for pipin 
7 is Romladl tae and dovalter, 6 aah 
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PIPE TO VALVE OR SPECIAL FITTING JOINT 


Note: 26°U Bevel with & radius used for 
al/ pipe, valves and fittings of this class. 
Welding ends of valves and special Fittings. 
fo have O.D.and 1.2 of port same as adjoining pipe. 


Fig. 2- Butt weld for girth joints on piping where 
9 pipe wall thickness % greater then ns 


A 






SOCKET DETAIL FOR SMALL 
WELDING END VALVE 


Dimension A (Depth of sockeB=4'+ x 

Dimension 821.2 of socket bore plus approximately 
twice the wail thickness of adjoining pipe + x". 

Bore of sockets to be concentri with bo valve or 
fitting within a folerance of x". 














A 
Chamter or taper of f 


SOCKET END 
WELDING FITTING Sar Ret 
Fig.4 - Pipe - to- valve and, pipe-fo-titting welded 
Joints for piping 13 nomina/ size and smaller. 











tinuous until the entire joint had been completed. Im- 
mediately following this, the joint was stress relieved. 
On the second unit, advantage was taken of the fav- 
orable characteristics offered by wrapping a _ heavy 
stranded copper wire cable, with asbestos insulation 
between the turns, around the parts joined, as shown by 
Fig. 6. This’ winding, supplied with alternating cur- 
rent, acts as the primary of a transformer with the pipe 
as its short circuited secondary and heat is generated 
within the piping parts thus enclosed through induction. 
Preheating was established by this means but due to the 
effects of the alternating current magnetic field upon 
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the welding arc, the current on the winding had to 
cut off at such times when welding was in progress 
Two operators welded on the joint at the same t 
at opposite sides to maintain the heat but when a lx 
was completed, the current on the winding was put 
again to maintain the joint at temperature during | 
cleaning and chipping of the beads. In this way, wh 
a joint could not be completed at the time, the parts 
were maintained at temperature overnight or ove! 
week end continually until such time when welding » 
resumed. When the weld was finished the temperatu™ 
was raised by the same equipment for the stress reli 
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of the joint. Following this procedure enabled us 
‘o eliminate the formation of cracks in the weld and pro- 
duced very satisfactory results. 

\ll welding was done by careful application of the 
first bead or layer, using a smaller diameter welding rod 
t first with precaution taken not to burn through the 
backing ring but at the same time to produce thorough 
penetration and fusion at the bottom of the joint. To 
obtain a satisfactory sound weld, a greater number of 
rather than to 


thin beads or layers were laid in 
deposit a fewer number of heavier ones. 
specifications called for not less than one bead per % in. 
of pipe wall thickness and prohibited the use of elec- 
trodes larger than ,*; in. diameter. 


Company 


Stress Relieving 


‘In the course of welding, stresses are set up in the 
weld and for a distance back in the parent metal. These 
internal locked up stresses are the cause of welding 
cracks which develop unless such stresses are relieved. 
It is especially important to relieve these stresses in 
steels of the alloys which have any tendency to air 
harden and produce brittleness. 

Heat treatment causing refinement of the grain after 
welding will insure the most satisfactory results in ob 
taining high strength with great ductility, resiliency, 
and resistance to shock. Such, therefore, was the treat- 
ment given in the stress relieving of welds by allowing 
the welds to partially cool to a black heat and then 
reheating through the critical range, with care taken not 
to heat above the upper limit in order to prevent grain 
growth, 

While of special importance with alloy steels, it is 
also felt to be valuable to stress relieve carbon steel 
welded joints in lines under severe or important service. 
Consequently, all welded joints of 2% in. nominal size 
and larger on the main steam, the boilerfeed discharge, 
and the 200 Ib exhaust and station steam tie lines were 
stress relieved. This was accomplished on field welded 
joints by means of an electric inductance type of stress 
relieving furnace as shown by Fig. 7, as well as by the 
equipment used for carbon molybdenum welding pre 
viously mentioned. 

The pipe was heated uniformly until a band on the 
pipe circumference of a width containing the weld and 
1 in. of parent metal on each side of the weld was 
brought up slowly to a temperature between 1100 to 
1200 F. This heat was held for a period of one hour 
per inch of pipe wall thickness in the case of carbon 
steel and two hours per inch of thickness for carbon 
molybdenum steel. Then the joint was allowed to cool 
slowly by gradually tapering off the current, followed 
by cooling in the atmosphere. 

Welds made in the piping fabricator’s shop were 
stress relieved in this fashion also, and in some Cases 
where large fuel fired furnaces were available the entire 
piece was stress relieved in the furnace. 

The load on the inductive stress relieving coils was 
controlled by a portable panel and transformer. A con 
"inuous temperature recorder on this panel made a 
record of the temperatures transmitted from an electric 
Pyrometer located at the weld in each case. With this 
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Preheating and annealing arrangement for joint 
Induction 


method of heating and annealing used on second unit Fis 


Fig. 5 (top) 
at turbine throttle, first unit. . . Fig. 6 (center) 


(bottom)—-Stress reliever on welded heater connection 


equipment and these methods available the wo 


gressed quite rapidly throughout the installation 


Valve Design and Installation 


The statement made last month to the effect 
at YOO F as 


carbon steel is at 750 F was found to be the basis o 


as in ul 


bon molybdenum alloy steel is 


design on the part of valve manufacturers for valv 








Fig. 8—Main steam and 200 Ib bleed steam piping, showing 
spring supports 


suitable for this service. It enabled them to recommend 
and offer steel valves, rated for the various pressures at 
a maximum temperature of 750 F for carbon steel, as 
being suitable for such respective pressures at 900 F if 
made of carbon molybdenum steel. After careful investi 
gation of the details involved, this recommendation was 
accepted and consequently for our 1200-1400 Ib per sq 
in., 900 F main steam service, valves of the 1500 Ib 
standard series were used with bodies and bonnets of 
carbon molybdenum steel. 

In general all steel valves were welded directly in the 
line in the course of erection, the purpose being to elimi- 
nate line joint trouble. 

The main steam, line valves for the first 
unit have nitrided seating, while the steel 
valves in the boilerfeed and the other lower 
temperature steam services have one or the 
other of the stainless steel combinations. Some 
miscellaneous high pressure, high tempera- 
ture valves scattered throughout have stellite 
seating by virtue of special recommendation 
of some of the equipment «manufacturers. 
However, in addition to those several mis 
cellaneous valves, for the second unit instal- 
lation the main steam line valves are also with 
stellite seating as there has been a growing 
tendency to favor that material for high tem- 
perature service. 

This material is a non-ferrous alloy of co- 
balt, chromium, and tungsten with exceptional 
resistance to abrasion. Combined with its 
inherent property of uniform hardness is its 
so-called “red hardness,” which is the meas- 
ure of hardness at red heat. This is a highly 
favorable quality which accounts for its su- 
periority in resistance to wear and to seizing 
and cutting of the valve seats under severe 
service, even at high temperatures. 

Of the three grades available, the No. 6 was 


Fig. 9 (above)—Housed x-ray tube . . . 
Fig. 10 (below) — Tube in position 
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used on our valves so trimmed. It is not quite as hard 
the No. 1 or No. 12 grades but produces a Brinnel! 
about 400, which is quite satisfactory for the service. 
ing much stronger and tougher than the other two gra 
it is not expected to check or chip as easily. Its co 
cient of expansion closely approximates the car! 
molybdenum alloy steel which may be used for 
wedges or discs and the body seat rings, and therei 
can be applied quite successfully to these for surfacir 
even to large areas. 


Support of the Piping 


The high rate of pipe expansion combined with s; 
limitations, high material and installation costs prese1 
the difficult problem of designing an economical pipe 
which would be capable of absorbing the expans 
forces at unit stresses suitable to the severe service « 
ditions of the line. The three dimensional expansi 
between superheater outlet and turbine inlet varied fr 
as little as 2 in. in a vertical direction to as much as 
in. in the direction of the longitudinal axis of the pi 
The solution finally adopted resulted in a combi: 
longitudinal stress due to bending and internal press 
of 9500 Ib per sq in., including the effect of pipe flatt 
ing in the curved portions of the pipe. The lines » 
erected from both ends toward the middle, allowing 
the insertion of field pieces which were shortened 
offset to allow for cold springing in three directions 


the extent of 50 per cent of the corresponding expa 


sions. Conforming to the requirements of the A.S 
Code for Pressure Piping no reduction in pipe sti 


was allowed due to the beneficial effect of cold springing, 
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l as » stress value given above is the total stress which 
lo ould be obtained if no cold springing were used. 

In the matter of piping support, convenience of erec- 
n and mechanical reasons prompted the adoption of 
nstant support spring hangers as illustrated in Fig. 8. 
With the usual type of spring supports employing 
helical or semi-elliptical springs, variations in hanger 


loading must be accepted as the unavoidable result of 


the rise and fall of the pipe during the change from cold 

to hot condition. The interchange of loading among 

the hangers is accomplished by bending in the pipe 

which in turn, depending on the direction of the motion, 

causes an increase or decrease of ‘the pipe stresses. 

C Inasmuch as the adopted layout already consumed the 

entire safe stress set as a basis for the design, it was 

felt that the hangers should offer a constant supporting 
effort to avoid any further increase in pipe stresses. 

Aside from guides installed to protect the superheater 

headers, no anchorage was used as it was possible to 

keep the pipe thrusts at both terminals within the limi- 

tations established by the boiler and the turbine manu 

facturer. 

The use of a special mixing chamber near the inlet of 

No. 4 turbine required the installation of a cross connec 

tion between both headers which, acting as a heating 

line will keep both lines simultaneously expanded in 

case of a shutdown of one of the two boilers of the unit 


X-Ray Examination of Welds 


In order to assure us of a sound welded joint, free 
g from cracks, gas pockets, slag inclusions, and other detri 
mental defects, some non-destructive method of weld ex 
amination had to be employed. X-ray examination 
proved to be, in our estimation for the time, a good 
reliable means for accomplishing this. 

\ll joints on the most important lines, such as the 
main steam, the boilerfeed, and the 200 Ib per sq in. 
bleed and station steam tie lines where welded were 
x-rayed, and where the exposures revealed faults, the 
metal was chipped out thoroughly, the hole repaired by 
welding and the entire joint stress relieved again. It 


PE Oe 


was then x-rayed again and unless found to be sound, 
the repair procedure was repeated until the joint was 
proved sound. At first, several repairs were necessary, 
but as the work progressed the operators’ technique im- 
proved greatly so that finally no faults were revealed. 
Consequently, the x-raying was discontinued a short 
time after the start of erection of the second unit. 

The x-ray equipment used on this work was unique 
to the extent that it provided for an extremely high 
powered portable equipment and tube capable of great 
mobility, and especially adapted to piping work in the 
field under cramped conditions and close quarters. 





The equipment containing the 220,000 volt trans- 
former and water cooling apparatus was housed and 
set up on an automobile trailer chassis which could be 
hauled to the job, moved inside the building and placed 
in position near the work being done. Sometimes it was 
on the floor, or on a platform or scaffolding, and at 
times hoisted in the air and held by chain blocks. A 
special shockproof armored cable containing the leads 
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and oncentric 
hose CONnVeCVINY 
the cooling watel 
extended tor 

length of 3O ft 


from this Dowel 


source to the sp 


metal housed 
pow r ¢ a X°Ta 
tube, Fig. 9. 71 


tube was 





place avainst the 
Fig. 11—Method of taking exposures pipe at the welce 
for radiographic examination of joint to be « 
welded joints ined. as show 
ig, 10 


Rays from a point source within the tulx 
through a window in the tube housing, through the pip 
wall adjacent to the tube, and finally through the wel 
in the opposite wall, causing an exposure on a film hel 
within a lead-covered film container strapped to the 

side of the pipe. A sufficient number of exposures was 
taken all around the joint to include the entire joint 
shooting of the rays was done at an angle wi 
t] 


{ we 


posures taken for each examined section of 
shown by Fig. 11. This procedure permitted dept! 
vision which enabled determining the location an 
of any fault showing up in the weld. Due to excessiv: 
wall thickness, it was necessary to examine the 20 
welded joint at the turbine throttle by use of radiun 


the gamma ravs emitted therefrom 
In Conclusion 


The first unit has been operating successfully 
The second unit installation has just 


\s far as the piping ts concerned the 


about a year 
completed. 
conclusions drawn have been that welding of the 
pressure lines (5 to 150 lb per sq in.) did not prove 
economical. We reverted to flanged constructior 
these lines on the second unit, and discontinued x-rayn 
The indications thus far are that the 


have been correct 


the welded joints. 
design and equipment will prove to 
and that the desired long time satisfactory and econ 


cal operation will result. 





Check Charts for 


Air Conditioning Calculations 
By J. M. Dean* 
Fainting introduction to this series of charts 
appeared in the May, 1938, H. P. & A. C. and 
two of the charts have been published in each subsequent 


issue. 
Chart 7 is used for checking sensible and latent heat 


Charts 7 and 8 are reproduced on the next page 


gains due to ventilation air, and grains per |b to be r 
moved from ventilation air. Chart 8 is for determining 
grains per lb of air entering the conditioned space and 
other psychrometric conditions of the air entering the 


space. 


*Air Conditioning Engineer, Des Moines Electric Light ¢ \ 
reserved 
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Specifying and Measuring Noise 


By H. F. Hagen* 





QUATIONS for sound 
intensity and 
were given in August, 
with a discussion of the princi- 
ples of measurement. ' 
Sound meters and the three 


decibels 


noise 


Examples of noise measurement in air 
heating work are 
given, with information on the proper SO 
way of writing specifications for noise 


conditioning and 


the statement must read s 
what more completely as, °"] 
fan causes a noise indication 
many decibels abov 


LS \ ZCTO 


microphone placed Im su 


with the 





levels in use 

We con- 

tinue this month with information on noise measurement 
and specifications in air conditioning work. 


zero reference 
were also described. 


Assume that our room intensity, /,, showed 40 db 
(decibels) to the A.S.A. reference zero, and that when 
our fan reached full speed the fan noise added to the 
room noise showed 45 db, which is our intensity /,. We 
want to know now the decibels chargeable to the fan 
noise intensity, /;,, We know that (as is true in 
general )— 

Is = Ie + I and J: = I; I, 


We also measured /, and /,, so that 


l; 
40 db = 10 log 
I; 
4 — log 
Io 
J, = 10000 /, = 1.0 * 10°" watts per sq cm 
Similarly— 
l; 
45 db — 10 log 
I, 
4.5 = log 
lo 
I, = 31600 /, = 3.16 * 10°” watts per sq cm 


Therefore— 


Ile = 31600 J, 10000 J, = 21600 /,, 


and the fan noise to the A.S.A. zero is— 


21600 /, 
db = 10 log —— = 10 log 21600 = 10 * 4.34, 


or, as we don’t bother with fractions of a db,— 
Fan db = 43 to A.S.A. zero: 
= 36 to threshold of audibility ; 
= 29 to a zero of 1 millibar. 


Position of Microphone 


Even when we keep our zeros straight we still have 
another unstandardized factor in the position of the 
microphone with reference to the fan and the size and 
acoustic properties of the room in which the measure- 
ment is made. Sound intensities tend to vary inversely 
as the square of the distance from the source, and would 
do so exactly in a perfect medium in an open space with 
no reflection. The effect of the size and acoustic prop- 
erties of the room can be minimized if the pick-up micro- 
phone is placed close enough to the fan. 

At the present time, therefore, there is no such thing 
as the “noise of a fan in decibels.” To have a meaning 


"Vice-president in Charge of Research, B. F. Sturtevant Co. 


' “Noise Measurement,” by H. F. Hagen, Heatinc, Pipinc anp Air 
ONDITIONING, August, 1938, pp. 533-534. 
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such a location with referenc« 
the fan inlet or outlet.’ 
We see specifications with decibels as a factor 
viding that at a given location in the room to be vent 
lated the increase in decibels with fan running s! 
exceed a specified number. This is not so bad. Ai 
crease of db is independent of the reference zero and th 
location is determined. but to make the statement cor 
plete the expected room level should be stated. For ex 
ample, in the problem we worked above we had 
level of 40 db, a fan noise of 43 db and an increas 
5 db due to the fan. 
room intensity would be 


If the room level was 35 db. th 


] 
35 10 log 
/ 
I, 
3.5 log 
I 
/, 100 / 
and with the same fan 
| Iye+/] 21600 /, + 3160 24760 
The noise in the room with the fan operating would 
then be— 
24760 / 
db = 10 log 10 * 4.394 i4 
] 


So, for an increase in room noise with a given fan nois« 
of 43 db, we have 5 db if the room level is 40 db, an 
9 db if the room level is 35. 

(The increase in db for any two known intensities 
can be calculated directly from 


ls 

db = 10 log 
I; 

In the last case where / 24760 1, and / 3160 

ls 24760 / 

db = 10 log — 10 log 
I; 3160 / 

10 log 7.83 10 0.804 8.04 


say 9 as before) 
Specification for Noise 


The specification for noise should then be written as 
follows: 

“The fan shall not increase the noise in the room by 
more than A decibels referred to a room level of 2 
decibels. For these measurements the pick-up micr: 
phone shall be located one foot from the plane of the 
grille and center-lined therewith, and the diaphragm 
shall be placed in a vertical plane perpendicular to the 
plane of the grille and one foot from the extreme edg« 
of the grille.” 

Such a statement would be completely defining. Just 


ror 








what values should be assigned to A is not known at 
present, but the values of B can be approximated from 
published information. 

It must not be considered that, in the absence of stand- 
ardization, noise measurement is of little value. On the 
contrary, the commercial value of noise measurement 
as a guide to design and installation is tremendous. Each 
investigator adopts methods which are standard in his 
work and serve design purposes as well as any other 
standards would. The important matter is an accurate 
instrument, which is readily procurable today. 


Noise from Unit Heaters and Ventilators 


A question is often asked in connection with units, 
such as unit ventilators or unit heaters. If two or more 
are placed in the room, how much will the additional 
units increase the noise in the room? The answer is— 
ten times the logarithm of the total number of units. If 
two units are used, in as much as the logarithm of two 
is 0.30103, the addition of the second unit will increase 
the noise 3 db; with three units, (log 0.477), the two 
additional units will give 5 db rise in noise level. Actually 
the rise will be somewhat less owing to the fact that 
the room could not be noiseless even without the units 
and therefore the noise intensity is not doubled by the 
addition of the second unit. A numerical example may 
make the point clear. 

A school room with a noise level of 40 db is to be 
ventilated with two units. It is found that a figure of 45 
db represents the effect of one unit. What will be the 
noise level in the room with one unit, and with two? 


I; 
40 — 10 log - 
Io 


I, 10000 /, 


' 
15 10 log 


Ty = 31600 Jo 
41600 /, 
db = 10 log ————— (log 41600 = 4.619) 
Io 


db = 46, or a rise of 6 db with one unit. 


With two units— 


I, + 2/u (10000 + 2 * 31600) /, 
db = 10 log ———— = 10 log ——_——_—————___——- 
Io I, 
73200 J 
or db = 10 log —————- = 10 X 4.864 


0 


say 49 db, or a rise of approximately 3 db for the addi- 
tion of the second unit. 

In sound calculations of the 
type that interest us, remem- 
ber that it is the intensities 
that can be added or subtract- 
ed, never the decibels. Also, 
be sure to use the complete 
common logarithm which con- 
sists of the mantissa which 
you get from the tables and 
the characteristic, a whole 
number one less than the 
places to the left of the deci- 
mal point. 
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Example — log 3. = 0.477 
log 30. = 1.477 
log 300. = 2.477 
log 3000 = 3.477 
etc. 


You have probably noticed the amounts of the in 
sities given for the zero levels and the watts per s 
as used in one of our numerical examples. You 
have been surprised at the almost infinitesimal amy 
of energy involved. The energy in even loud soun 
extremely small. The velocity of propagation is | 
1100 ft or 34,000 cm per second, but the oscillato: 
wave pressures and velocities are minute. A clas 
illustration of the smallness of the vibration instan 
beam of sunlight in which the motes are visible. 
passing of the wave of even a loud sound through 
beam does not disturb the motes an amount suffi 
to be visible. 


Useful Data 


The following data you may find useful: 
Density of air under usual conditions of temperatu 
and humidity in grams per cc: 


p = 0.0012 
Velocity of sound in cm per second: 
C = 34000 


pC as in Equation 1 on page 533 of the August issu 
Noise in db (A.S.A. zero) in various locations 


Boiler Factory 105-115 
Average Factory 50- 90 
City Street 50- 81 
City Office 10- 70 
City Residence 30- 55 
Country Residence 30- 40 
“From “Physics Forum,” “Noise Measurement,”’ by Dr. E. | 





Omaha U Has Air Conditioning 


The new Municipal University of Omaha Building 
at Omaha, Nebraska, is “one of the finest examples 
automatic year ‘round air conditioning, including su 
mer cooling and winter heating” according to the “Bus 
ness Conditioner” issued by the Nebraska Power C 
description of the installation appears in the Augus' 
number of the publication. 

The summer cooling cycle uses well water fron 
deep wells on the campus for refrigeration, augment: 
when necessary by one 40 ton and one 50 ton compres 
sor. Each well supplies 120 gpm of 50 deg water 
chilled reservoir from which the water is pumped t 
cooler situated in the equipment room, and _ thence 
cooling coils in each of the two conditioners. From th 
cooling coils it passes through the condensers of ¢! 
refrigerating compressors. The water, now warmed 
to about 80 deg, is then discharged into the lawn sprink 
ling reservoir. 

The air supply of the air conditioning system is p! 
vided by two main supply fans capable of delivering 
110,000 cfm of air, of which one-fourth may be outside 
air if desired. Separate pneumatic temperature controls 
are provided for each room to assure accurate regula- 
tion for the requirements of student classes and whe! 
the room is vacant. . 

Winter heating and conditioning is taken care 0! 
through the same system of air distribution as that to 
summer cooling except that heating coils supplant 
cooling coils. Humidification is provided by automat 
cally controlled steam jet humidifiers. The same auto 
matic control system for summer cooling is used 10! 
heat and humidification control in winter. 


the 
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HE refrigeration of fruit and 
vegetable products requiring 
low temperature and high rela- 
tive humidity often presents a difficult 
problem. Modern cold storage plants, 
making use of air conditioning princi- 
ples, are solving this problem in a sat- 
isfactory manner when properly de- 
signed and efficiently operated. 

in the case of apple storage the tem 
perature range of 31 to 35 F at a 
relative humidity of 85 to 90 per cent 
often can be nicely obtained by wet 
coil cooling units, or what is some- 
times called the “brine spray air blast 
system.” Such systems are composed 
either of small air conditioning cabi- 
nets, usually placed in the refrigerated 
room, using one or more to the room 
depending upon the size of the room 
and the capacity of the unit, or a cen- 
tral air washer of large capacity. In 
the latter arrangement the air is cooled 
and conditioned in the central unit and 
carried to the rooms to be refrigerated 
by means of insulated ducts. The cold 
air absorbs heat from the storage rooms and is returned 
to the air washer where it is reconditioned and recircu 
lated to the rooms. With the individual room units the 
air is circulated within the room and through the units 
for reconditioning. 


| 


A, 





The cooling units, whether large or small, contain the 
low pressure side of the refrigeration system. The re 
frigerant evaporates in direct expansion piping or one 
of several other forms of evaporators. Over these cold 
surfaces brine is sprayed, cooled and recirculated within 
the unit by means of a brine pump, which forces it undet 
pressure through a system of spray nozzles. The ait 
used to cool the storage rooms 1s passed through the 
chilled brine spray. The brine prevents ice formation 
on the evaporator surfaces, eliminating the necessity of 


Fig. 1—The central air washer used in the cold storage described. 
(R) Return air duct from the storage rooms. (O) Discharge 
duct from air washer carrying cold air to the storage rooms. 
(F) Housing of ventilating fan that forces the air through the 
system. (C) Side of air washer containing the direct expansion 
piping and brine spray. (P) Brine pump. (T) Thermostats 
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AV Modern cold storage plants making use of air con- >> 
ditioning principles solve the problem of maintain- 
ing low temperatures and high relative humidities 
in a satisfactory manner when they are properly 
designed and efficiently operated. It is not always 
realized, however, that comparable conditions can 
be obtained through different control methods which 
may or may not be equally efficient when all factors 
are considered; too frequently, a job is operated in 
one way year after year with little regard to the 
factors that increase or decrease operating expenses. 

. . The author has had the opportunity to make 
some studies of the various means of securing ther- 
mostatic temperature regulation in a modern fruit 
\ storage and he presents a summary of results here J 





Temperature Regulation 
in Modern Fruit Storage 


By Clarence E. Baker“ 





defrosting encountered in the case of dry coil unit 

The term “air blast” is rather misleading as it implies 
a high velocity movement. In practice in apple storages 
the air movement is maintained at as low a velocity as 
possible, except early in the season when a large amount 
of warm fruit is being stored and the field heat must be 
extracted quickly. High velocity air movement, esp 
cially if the relative humidity. is low, tends to caus 
shriveling of the fruit if continued for long periods 

In the automatic operation of brine spray systems of! 
this type the room temperature may be regulated by 
placing the active element of the thermostats in variou 
locations. In the case of room units the thermostat 
ordinarily is operated by the room temperature Ovet thi 
differential for which the thermostat is set Kach unit 
generally has its own thermal valve so that the units may 
be operated individually or in groups depending upor 
the installation. Where a large central air washer is 
used as the source of refrigeration for various rooms the 
problem becomes more complicated, especially if rooms 
of different temperatures are to be maintained in th 
same system. This may be accomplished within limits 
by varying the amount of air admitted to different rooms 
by a suitable damper arrangement. 

The temperature of the air in the distributing system 
may be controlled thermostatically in various ways. Thi 
temperature of the evaporating refrigerant, the tempera 
ture of the brine in the air washer, the temperature of 
the air leaving the air washer or that of the air returning 
to it may serve as the basis of controlling the air in the 
storage rooms with varying conditions and with varying 
degrees of convenience, accuracy and efficiency 

An opportunity to investigate several of these factors 
in a 55,000 bushel apple storage, composed of three rooms 
operated from a central air washer, presented itself as a 
phase of another line of work. Refrigeration for this 


*Purdue University Agricultural Experiment Stati 
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Temperature charts for the various arrangements investigated 


Figs. 2-5 
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plant is furnished by one 6% x 6% in. ammonia com- 
pressor with a 30 hp motor and one 5 x 5 in. auxiliary 
compressor with a 15 hp motor. The air is circulated 
through the air conditioner shown in Fig. 1 and into the 
duct system by means of a two speed ventilating fan 
with a capacity of 28,000 cfm at high speed at 10 hp 
and about half that amount at low speed at 5 hp. Low 
speed is used except in emergencies where more rapid 
cooling is desired. One room is operated at 36-40 F and 
the other two at 32-34 F under normal conditions. 

During the experimental set-ups described below the 
temperature recording instruments were placed along 
the center aisle just within the fruit stack out of the 
main line of air movement about 5 ft above the floor. 
Consequently, they were influenced by the temperature 
of the fruit surrounding them as well as that of the air 
circulating through the storage rooms. 

Each compressor is operated by a thermostat, the ac- 
tivating bulb of which is in the brine below the evapo- 
rating coil inside the air washer. A third thermostat 
operates the brine pump, controlling the brine spray as 
occasioned by the location of its activating bulb. 


Effect of Location of Thermostat Bulb 


Under the first experimental arrangement the bulb of 
the brine pump thermostat was situated in the air return 
duct where it was exposed to the temperature of the air 
returning from the storage rooms. This arrangement 
was not considered satisfactory for the operating con- 
ditions desired as a variation of 3 to 4 deg in room tem- 
perature resulted between cycles of refrigeration.. This 
likely could have been overcome but another arrange- 
ment was considered more practical. 

The second arrangement simply consisted of moving 
the brine thermostat bulb to the discharge air duct be- 
tween the brine spray and the fan. When the tempera- 
ture of the air being discharged from the washer reached 
the high setting of the thermostat instead of starting the 
brine pump the thermostat started the compressors by 
means of a relay. Refrigeration was produced in the 
expansion coils of the air washer, cooling the brine unti! 
the discharging air reached the temperature correspond- 
ing to the low point of the thermostat setting. 

The brine pump operated continuously, maintaining 
the brine spray at all time. Because of the large volume 
of air in the system, totaling approximately 152,000 cu ft, 
the room temperature could be controlled very accurately 
by this method. After the refrigeration load had be- 
come fairly constant the temperature of the air could be 
carried very near to that desired in the 32-34 deg room, 
usually about 29 to 30 deg. 

This uniform temperature is illustrated by the chart 
in Fig. 2 over the period of one week, during which very 
little fluctuation occurred. The buffering effect of the 
large volume of air is very great. This may be illus- 
trated by the fact that on several occasions more than 
3000 bushels of apples at temperatures of 75 to 90 F 
were placed in one room during a period of only a few 
hours without any detectable variation in the air tem- 
perature of the room or at any point in the system. The 
large quantity of cold brine constantly circulating through 
the spray system within the washer provided a second 
buffering effect, serving to prevent rapid changes in air 
temperature. The air going through the ventilating sys- 
tem passed through the cold brine spray whether or not 
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refrigeration was being produced in the expansion coils 

The ventilating fan also was operated constantly and 
aided in maintaining a uniform temperature in all parts 
of the room and avoided the formation of air pockets 

The compressors were operated simultaneously or on 
at a time by means of a combination manual and auto 
matic arrangement. Individual automatic compressor 
operation could be secured by setting the thermostats for 
different ranges so as to cut on and off at different tem 
peratures. 

The third arrangement involved cutting the brine pump 
and the compressor on and off simultaneously without 
changing the location of the thermostat bulbs. When 
the air in the discharge duct from the air washer reached 
the low setting of the thermostat the compressor was 
shut down and the brine spray system as well. By this 
practice the buffer effect of the cold brine was lost and 
the air temperature rose rapidly between refrigeration 
cycles. To maintain a uniform temperature in the ste: 
age rooms the large compressor was operated with a 
narrow differential setting of the thermostat, as illus 
trated at the beginning of the temperature curve in Fig 
3. This involved starting a 30 hp compressor motor and 
a 7% hp brine pump motor several times an hour. To 
avoid this the thermostat was set for a slightly wider 
differential and the small compressor put into service 
and permitted to operate over a longer period 
these conditions the compressor would operate for about 
an hour and a half and be idle for about the same time 
This avoided some of the undesirable effects of the ex 
tremely short and frequent operation cycles and gave a 
temperature curve that was satisfactory from a practical 
standpoint where accurate temperature regulation is es 
sential. The temperature chart for these operating con 
ditions is shown in Fig. 3 from Tuesday noon on 

Under the fourth set-up the plant was operated by a 
room thermostat set for a variation of 2-4 F room tem 
perature. 


Under 


This thermostat was placed near the centet 
of the storage room on a post surrounded by stacked 
fruit where it would respond to the air dry bulb temper 
ature prevailing in that location. The purpose of this 
arrangement was to reduce the frequency of operation 
cycles as far as possible with the minimum sacrifice of 
temperature uniformity. The 
trolled the fan operation. When the fan motor was shut 
off a relay from fan to brine pump motor cut off the 
brine and a relay from brine motor to compressor mo 
tors shut off the compressors. The chart in Fig. 4 illus 
trates a typical week of operation during the period when 
there was a small or negligible live load. Ordinary heat 
transfer or leakage accounted for most of the temperature 
rise as the fruit had been held at storage temperatures 
for more than four months. 

When the compressor was placed in operation the 
temperature of the room would be reduced to the low 
setting of the thermostat in from two to five hours and 
the temperature would rise to the high setting of the 
thermostat in from eight to 36 hours, depending upon 
conditions. 
ture, however, it will be noticed that the initial rise to 
near the upper setting of the thermostat took place rela 
tively quickly. The curve then flattened out near the 
higher end of the range and often continued in this 
fashion for an extended period before the thermostat 
operated to start the compressor. 


room thermostat con 


During these periods of rising tempera 


In other words, during 





the long periods between operating cycles the tempera- 
ture of the room was close to the high point of the 
temperature differential for a large portion of the time, 
thus making the mean temperature prevailing near the 
high point of the range. In accurate temperature control 
under this manner of operation this fact would have to 
be considered. It was necessary to carry a lower air 
temperature by this intermittent system of air circula- 





Fig. 6—A portion of one of the storage rooms. The cold air is 
discharged from the metal duct at the ceiling over the center 
aisle toward the sides of the room. The air is removed from the 
room through a duct beneath the slatted floor of the center aisle 


tion to hold the fruit at a given temperature in com- 
parison with an arrangement using a constant movement 
of air. This made relative humidity regulation more 
difficult, as it is, easier to maintain the high relative 
humidity desired with a narrow differential between 
room temperature and that of the incoming air. Con- 
ditions that vary from day to day also influence the fre- 
quency of the operating cycles under this form of opera- 
tion, as is shown by the chart. (Fig. 4). 

The type of temperature regulation illustrated in Fig. 
5 was secured in another apple storage using two indi- 
vidual wet coil units in the refrigerated room. The 
thermostat was governed by the room temperature on a 
2 F differential and, as the chart shows, the temperature 
was held in a very uniform manner. Under these con- 
ditions the compressor operated from 30 to 45 minutes 
out of approximately each 3 hr period. 


Results of Different Operating Methods 


From the standpoint of the effect upon the fruit any 
of the charts shown represent very satisfactory condi- 
tions, with the possible exception of that shown in Fig. 
4. This would be considered a satisfactory chart if the 
condition desired was a 34 F temperature permitting a 
negative fluctuation. Minor temperature fluctuations of 
short duration have little effect upon the temperature of 
the stored fruit. For all practical purposes the extreme 
accuracy shown in Fig. 2 is not essential and the condi- 
tion represented in Fig. 3 is equally desirable for com- 
mercial work. Remote registering recording instruments 
with the bulb placed well back into the fruit stack do 
not respond to air temperature variations in the order 
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of those shown in Figs. 3 and 5, but record a unif. 
temperature, usually 1 to 3 F above the mean air t 
perature after the field heat has been well removed 


Engineer Must Decide 


The engineer must determine what system of p 
operation is most efficient for his conditions. Freq 
starting of large motors with a high starting load : 
not be as efficient a practice as longer periods of op 
tion spaced further apart, or the continuous operat 
of brine pumps and fans with small motors. T! 
observations and charts are presented not as con 
examples of all the factors involved but to show t 
many times, comparable conditions can be obtai 
through different methods which may or may not 
equally efficient when all the factors are considered 
frequently a job is operated in one way year after 


with little regard to the factors that increase or redu 


operating expenses. 


[These observations were made in the cold storage plant of t 


Johnson Orchards, Mooresville, Ind., through the courtesy 
owners. | 





Conditioning Units Cool Chapel 


Wherever people work, live or gather indoors there 
a fertile field for modern air conditioning. 
conditioning has proved itself as valuable in a hous 


worship as anywhere else. This is demonstrated by 





Six of the eight conditioning units 
in chapel at St. Louis University 


chapel of St. Louis University where portable air « 
tioners have been installed. 

Eight units are installed along the wall to regu 
temperature and humidity. The chapel is 50 by 
with a seating capacity of 200. 
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Air Conditioning and the Income Tax 


IR conditioning 1s undergoing such rapid devel- 

opment that it is difficult to predict with abso- 

lute accuracy the length of time that present 
installations will retain their usefulness. Despite the 
complexities involved, however, owners must have an 
estimate. of the probable useful life of the system. This 
is essential as a basis for working out the annual rate 
of depreciation for income tax purposes. 


Computing Depreciation 


Under present laws, a taxpayer is permitted to deduct 
annually a reasonable amount from his gross income to 
compensate him for the gradual deterioration of prop- 
erty used in his business. 
In this way, a reserve 
can be built up so that 
the original investment 
will be recovered by the 
time the property wears 
out. Ordinarily, a reserve 





as an account on the 
books and does not rep- 


By Lawrence R. Bloomenthal* —— 


entire installation is treated as if it were a completely 
integrated unit, such as a single motor or pump 

This method of computation has certain disadvantages 
For one thing, a composite rate may result in either 
more or less depreciation being taken than might be 
allowed if each of the individual parts were being di 
preciated separately. Suppose a 20 year life is assigned 
to an air conditioning system. The sheet metal ducts 
and the remodeling necessitated by their installation 
may cost $20,000. This work probably should be con 
sidered an addition to the building itself and ought to 
be depreciated over its remaining life, which might be 
30 years. Accordingly, 1/30 of the $20,000 should be 
taken annually from gross income as depreciation. But, 
when a composite rat 
for the system is em 
ployed and the chient 
does not have an item 


Methods of computing depreciation rates of air con- ized estimate of costs, 
ditioning equipment are reviewed, and some of the 
fundamentals of income tax matters as they affect ing what proportion of 
for depreciation is set up air conditioning are discussed for owners and 
installers of systems for the ducts. Instead, 


there is no way of know 
the total price was paid 


they are depreciated over 





resent an actual sum of 
cash set aside for making 
replacements. While building up a cash reserve might be 
the best assurance that new machinery would be installed 
as needed, most businessmen prefer to use their cash as 
working capital and finance replacements in other ways. 
The rate at which the annual deductions are made de- 
pends upon the estimated useful life of the improvement. 

Straight Line Method—The plan most widely used 
for calculating depreciation is to divide the original cost 
of the property by the number of years of its life. This 
is known as the “straight line’ method because it 
assumes that an equal amount of wear and tear takes 
place annually. The rule is simple to apply when it 
involves but a single piece of machinery: a $10,000 
pump, for example, may have a life of 20 years so that 
1/20 of the original cost can be taken each year. This 
means that the annual rate for depreciation is 5 per cent 
of the total cost, or $500. 

Composite Rate—It is customary practice to submit 
to the prospective purchaser of air conditioning a lump 
sum estimate covering labor, machinery, materials and 
so forth. This not only relieves the bidder of explana- 
tions as to the comparative costs of various units, but 
also avoids the necessity of submitting lengthy and de- 
tailed schedules. 

When the property owner sets up this expenditure on 
his books, only the lump sum figure for the entire job 
is shown. This simplifies the preparation of the depre- 
ciation schedule which must be attached to the state and 
tederal income tax return. What is known as a “com- 
posite rate” will be calculated by dividing the total cost 
over the number of years it is estimated the system will 
continue to provide efficient service. By doing this, the 


Attorney, Tax Consultant, Allen and Co., Certified Public Accountants, 


Chicago-Des Moines. 
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the 20 year life of the 

system, thereby taking 
more depreciation than would otherwise be allowed. The 
government has been allowing such deductions but it 
may eventually decide against the use of rates working 
out this way, and taxpayers will be forced to revise thet 
computations and may be subjected to additional tax 
liability. 

There is also the risk of taking less depreciation unde 
the composite rate than will be adequate to provide for 
the actual wear and tear that is taking place. A blowe1 
fan, for instance, might normally last 20 years if given 
ordinary care. But, when this same fan is incorporated 
into a particular air conditioning system, its useful life 
may be shortened considerably and it may, for the 
purpose of making our point, hold up only five years 
If the composite rate is based on a 20 year life, and the 
fan lasts only five years, it is obvious that the property 
owner will not have allowed for sufficient depreciation 
on that item. 

Deducting Losses—Another drawback in considering 
the system as a unit and dividing its cost over the num 
ber of years of its estimated useful life arises when an 
entire piece of machinery wears out before it was 
expected to and must be replaced. Since the taxpayer 
has no record of individual costs, there is no accurate 
basis for taking advantage of the provisions in the 
income tax laws allowing a loss to be claimed for busi 
ness property which loses its useful value and must be 
discarded. In order to claim the benefit of this loss, it 
is necessary to acquire information as to the original 
cost. After a lapse of five or six years, it may be quite 
difficult for the firm which installed the system to pro 
duce the desired figures upon request. If it is not 
possible to segregate the cost of the discarded machine, 
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no loss can be deducted, but the taxpayer can continue 
to take depreciation on the original basis just as if that 
piece of machinery were still in service. 

Unit Method—Of course, if the cost of every single 
item of machinery were to be set out, there would be a 
great deal of extra bookkeeping required. For example, 
a typical installation in a large office building may 
require several miles of piping and sheet metal ducts as 
well as a large number of motors and other moving 
parts. According to the “unit method” of depreciation, 
each of these items would have to be recorded separately 
on the depreciation schedule and a separate computation 
made for the annual allowance for wear and tear. Under 
this system, every fan, motor and piece of equipment 
must be listed and depreciated individually. 

While the unit method probably will give the most 
accurate picture of the depreciation, it is clumsy to use. 
Not only must the engineering firm compile cost speci- 
fications, but the property owner also would have to go 
through the cumbersome procedure of making detailed 
calculations to compute the total deduction. This method 
would involve the least additional work for smaller 
buildings where installations are not so complicated. 

Depreciation Rates—Depreciation rates for various 
items of equipment are set out in the table. It must 
be remembered, however, that these rates may be in- 
creased or decreased depending upon the circumstances 
in each particular case. Additional depreciation is al- 
lowed for unusual wear and tear. 

A Practical Plan—The third and probably the most 
practical plan of computing depreciation is to see that 
a classification is made of the different types of 
machinery with all those of a similar nature being placed 
in the same class. According to this arrangement, if 
there were 10 high speed motors of approximately the 
same capacity, all of them would be grouped together 
and their cost would be segregated from the total amount 
paid for the installation. If these motors were worth 
$7500, then this sum would be divided by the average 
life of all the motors in the group which might be about 
15 years. The rate would be 1/15 or 624 per cent of 
$7500, which would permit $500 annually to be taken as 
depreciation. The same procedure would be followed 
for each of the other classes. 


Depreciation Rates for Various Items of Equipment’ 


| ANNUAL DEPRECIATION 


Tyre or EquipMENtT Rate, Per Cent 

Air Conditioning system in hotels or restaurants | 

(composite rate) ....... Corecess vesesecese ee 6% 
ee Ot NS ann cp bevinnd caine dees | 6% to 10 
Pumps (varies with types)..............05+: shea 4 to6% 
CUR ROOOROED (500s tee eeuceyeecves se. seaemegeees 5 
Cold storage plant (composite rate).......... $80 6% 
oo a Se Ae ' ovbawane's 6% 
Electrical equipment: 

Conduits, wiring and fittings........ ae bis 4 

OUG? GUUEE Sote iw ddse Kec Gecencostcasenss 8 

Motor (varies with capacity) : 

Large units. over 3000 kva........... ordek she 


Medium units—1000 to 3000 kva.. 
From 50 hp to 1060 kva: 


SA ED 0 ks boa odie 4 died, dead s 0'40d% ails 5 to 6 
Pe rer (‘SS 0be be thoes eae 4 

Below 50 hp capacity........ ined wake ee 6 to 7 

Meters (recording type) ... A TRAE ; 6% 

OU UN IS bin ab we cad ha eaten ovals sie ee 10 
SwiteROOerGs BE WWMM. < occ ccc ccc cccccccses 5 
Magnesia insulation on hot pipes................ 10 
We SED o-5'a Laan dk dei dese stcneebennenans ! 10 


*Abnormal usage may justify increasing these rates to allow for as much 
as 15 to 20 per cent annual depreciation. The table is based on actual 
decisions of the courts and Board of Tax Appeals, and a bulletin issued 
by the Bureau of Internal Revenue outlining rates which can be used 
in the average situation. It should be clearly understood, however, that 
no fixed and arbitrary rates can be stated which will apply to every 
motor, compressor or fan. Depreciation varies with the circumstances of 
each particular installation of machinery and the rates fluctuate accordingly. 
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Service Contracts 


Once an air conditioning system has been inst 
and is in operation, the firm which handled the job | 
enters into a service contract with the owner. Acco: 
to this agreement, the owner pays a fixed fee in r 
for which inspections of the equipment are mad 
regular intervals. Some property owners are unde 
misapprehension that these payments form part o/ 
cost of the system and must be capitalized. This j 
true since any sums paid out under this contract 
part of the ordinary maintenance expenses and ma 
deducted from gross income in the same manner a 
cost of all ordinary and necessary repairs. 


In connection with service contracts, the questi 


arises whether repair work ordered at the suggesti: 
the inspector constitutes an “ordinary and_nece: 
repair” or is actually an addition or replacement. 
pairs, of course, are deductible in full in the yea: 
are made while additions or replacements become 
of the capital asset and must be depreciated over 
remaining life of the entire system. So long as 
only effect of the work done is to keep the machi 


operating efficiently and to prevent excessive deterio: 


tion due to neglect, a deduction for repairs cat 


claimed. But, if obsolete or worn out parts are repla 


so that either the useful life of the equipment o 
value of the system is materially increased, the law 
siders this to be a “capital improvement.” In 

words, it is not so much the cost of the work, but 


extent and character of the changes that are made whi 


will determine whether it is a repair or a capital 
provement. 


Repair Expense 


An interesting point sometimes raised by prospect 


purchasers is whether any part of the cost of install 


an air conditioning system can be charged off to | 
ing repair expense. This is especially true ii 
building is in a somewhat run-down condition s 
the installation of this equipment will rehabilitat 
property and prolong its life expectancy. There 
been a few cases in which this same contention 
raised and the courts have ruled that if there was 
basis for segregating the repairs from the capital 
provements, a deduction in full could be taken for 


former and only the balance would be considered 


capital improvement whose cost would have to be re 
ered by annual depreciation. 


The rulings on this point have been quite gene! 
but they involve a definite principle which can be app! 
to air conditioning installations. Whenever a proper 


owner can show that a certain portion of the « 
expended for the system really went toward repair \ 
not directly connected with its operation or with 
installation itself, that amount can be deducted in 
from gross income as a current expense. 

Suppose, then, that an installation is made in 
year old building which because of its age also 1 
considerable repair work. A single firm takes car 
the entire job and bills the owners for $70,000. 


can be proved that $10,000 went for necessary repal" 


[Concluded on p. 598] 
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What Weather Does to Man 


By William F. Petersen, M. D. 


ARVED over the fireplace of the banqueting room 

of the old Rathaus of Libeck is this inscription 

“Many a man sings loudly when they bring him 
the bride. Knew he what was being brought, he might 
well weep.” 

Certainly no Jeremiah would | be, but occasionally | 
do harbor the notion that in a few respects air condi 
tioning as now decked out in all its wedding habiliment, 
may be such a bride. Her dower may be most attractive 
and life with her may be more comfortable, but whether 
the descendants of the marriage will be so able might 
be questioned ! 


What Does “Weather” Do to the Normal Individual? 


lt might be well to make inquiry what actually hap 
pens to the normal individual when he is not air condi 
when our spoiled child of the 20th century is 
removed from the cocktail bar or the movie and exposed 
to “nature in the raw’ 


tioned 


in the way of ordinary atmos 
This 


promptly becomes one of the most complex of questions 


pheric changes im the northern storm tracks 


for the very simple reason that the extremes of environ 
mental variability (polar as contrasted to tropical ait 
mass effects) may in some instances bring about simula 
biological reactions, while, on the other hand, like en 
vironmental changes (for instance, the passage of re 
peated polar air masses), may bring about diametrically 
opposite nological reactions in the inadequate individual 

Within certain limits the passage of a polar air mass 
“stimulates” the normal individual. That is, there is 
first a period of “retreat” to the interior of the body, 
the skin vessels contract, the blood pressure increases, 
the vascularization of the interior is greater, the blood 
becomes transiently more alkaline, the K/Ca ratio in 
cells 


creases, the lh uly 


become less permeable 


lation of the vessels; the blood then becomes more acid 
the pulse and respiratory rate and the basal metaboli 
rate are increased, the KCa ratio is lowered, In other 
words, a biologic phase is set up which underlies the 
feeling of stimulation and the increased “drive” of thi 
northern regions which Huntington has so well docu 
mented 

For the biologically madequate individual, the energy 
expenditure involved by the passage of the atmospher 
front may mean the onset of disease. (By this | mean 
the awareness of inadequacy ; the actual pathological dis 
turbance may have existed previously So, too, the very 
young individual and the old imdividual will be more 
susceptible and of course the sicker the sick individual 
the greater the susceptibility. So-called weather-senst 
(and that 


highly differentiated types, the very slender or the very 


tive mdividuals usually mvolves the mor 


fat, t.¢., the extreme types) are those who have a very 


labile (1.¢., “liable to lapse’) autonomic (selt-govern 
ing) nervous system, which, when subjected to disturb 
ance, reacts in a variety of ways, usually annoying, but 


not necessarily fatal (migraine, arthritis, asthma, colitis 


urticaria, a change in the mood or disposition, et 


The “Tropical Effect” 


Ky contrast to the effect of the cold air masses whicl 
| have merely sketched, the effect of the tropical air mass 
naturally dilates the peripheral vessels, lowers the blood 
pressure level, relaxes smooth muscle, lowers the basal 
metabolic rate. If prolonged, or the temperature is un 
usually high, a relative alkalosis may follow, with greater 
irritability of the autonomic and central nervous sys 
tem. The studies of Sundstroem and Mulls are inter 
esting in this connection 

(On the whole, the sum 


mer (tropical ) Status 15S 





Then, because certain tis 
sues have not been getting 


As interest in the medical and health aspects of air 


one that 1s associated with 


increased well being. Dut 


enough oxygen in regions conditioning grows, opinions differ widely, for (as ing the summer and au 
where the blood vessels Dr. Petersen points out here) the human being is tumn we reach our highest 
have been partly closed, the most individualistic of animals. Some see in peak of resistance, as re 


and because of the inter- 
play of endocrine activity, 
the entire organism re- 
verses its metabolic trend, 
and the tissues reveal stim- 


ulation, associated with di- 


“Department of Pathology, Bac 
teriology and Public Health, Col 
ege of Medicine, University of 
Iilinois. Dr. Petersen is the au 
thor of an extensive work entitled 
“The Patient and the Weather,” 
published by Edward Brcthers, 
Inc., Ann Arbor, Mich 

| take it for granted that the 
reader is fully conversant with the 
details of the cyclonic circulation 
ot the atmosphere and the impli 
cation of environmental variability 
the storm track region; it is 
nly region with which I am 
erned in this discussion 


sively on 


air conditioning the possibility of preventing many 
illnesses and the ultimate prolongation of human 
life; others are concerned with the effect of such 
factors on the human system as the shock when enter- est. our vitamine accumu 
ing or leaving a space where the temperature is main- 
tained much lower than the outside. 
have indicated noteworthy 
with air conditioned offices 
buildings have failed to do so. . . 
tion, however, that the subject is one that increases 
in importance every day. 
with air conditioning a background of information 
on the effect of weather on man, Dr. Petersen hits 
some of the high spots in this brief discussion. The 
author is a keen student of 


To give those concerned 


the effect of the weather on the patient 


vealed in the depression of 
the mortality curve Out 


reserve of buffers ts great 


: , lation highest 
Some studies 


reductions in 
similar studies in other 
. There is no ques- 


; But during this time, 
sickness because of the increase in 
autonomic irritability,’ an 
unusual environmental 
disturbance, the effect of 
cold, for instance, is fol 
lowed by much more pro 


found effects In some 1n 


and has written exten- *Prcbably due to higher bioel 
trical potential differences of cx 
membranes with the possibility 
that when biochemical break 


curs, the disturbance s more 


found 
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dividuals than the actual change in the environment 
would apparently warrant. 

This particular fact becomes of importance because 
the only real insult offered the population by the air 
conditioning engineer is the vast differential that exists 
at certain times between outside temperature and the 
designed indoor air temperature ; under present practice 
this may vary by as much as 30 F. Physiologically this 
is preposterous. While within the range of adaptation 
for the perfectly normal individual, it involves a definite 
metabolic strain and can be harmful for a considerable 
group of subjects. 

The vasomotor crisis associated with the rapid adjust- 
ment necessary under such conditions may (a) cause 
an increased susceptibility to infection, (b) result in 
gastro-intestinal disturbance, (c) precipitate acute dys- 
function in organs that are inadequate. 

The reversal from a sojourn in an air conditioned 
(cool) environment of this type to the hot, humid, out- 
side environment will in turn accentuate the peripheral 
dilatation that will normally follow a period of unusual 
and unseasonal chilling—with resulting excessively low 
blood pressure, fainting, nausea, etc. 

Nevertheless the engineer is quite justified in assum- 
ing that changing air mass as now designed has no great 
significance for the normal individual and for this group 
can fabricate the air conditioning structure either for 
greater comfort or greater efficiency, or both, but he 
should keep in mind that even here unusuaily abrupt 
environmental changes may be of pathological significance 
under certain conditions. 


Differences in Sex and Human Types 


It should be remembered by the engineer that one 
of the reasons that. the human became a human was 
because he lost his hairy coat. That forced the skin to 
become very active in shunting the blood back and forth 
between skin and brain and the large viscera; brought 
about greater vasomotor activity; developed the neces- 
sary autonomic mechanisms and in so doing gave the 
opportunity for the brain to become just as active as 
the environment was unstable. Our ape ancestor who 
lost his hair got 
sense when he got 
cold! (I use the 
male gender quite 
properly because 











‘The slenderized female 
does not come into this 
category. 





on the whole the normal female® is less susceptibl: 
environmental change than the male; this is due lar, 
to her greater fat padding, i. e., her insulation is bet 
This in turn is biologically proper because it makes 
metabolism more stable, thus insuring more equit:)) 
conditions for the development of the offspring. | 
this biological difference that permits the female to 
card clothing to the extent that she does, the while 
brother clings to his heavies and his overcoat in 
winter time. ) 

Apart from the difference inherent in sex, differe: 
in the habitus of individuals must be considered 
might seem self-evident that the extremely slende: 
dividual is more susceptible to cold and will bec 
fatigued more readily with repeated effects; that 
fat individual is more susceptible to heat becauss 
cannot radiate as well—but again let me stress 
this individual also cannot stand the improperly 
conditioned room in summer, for if suddenly expose 
this chilling effect, his blood pressure rise may lx 
great that dire cardiac and vascular damage may res 

In touching on this subject I must briefly discus 
another physiological phase, namely, the fact that 
“comfort zone” will depend on the vasomotor ton 
the individual and that the individual with “cold feet 
has a general contraction of his skin vessels and feels « 
“all over,” no matter what the air temperature.  \\ 


see this exaggeration in the individual suffering fro: 
chill, as for instance, from malaria. Here the periph 
vessels are in spasm, the blood supply to the ski 
markedly impaired, and the individual feels cold ev 
if his internal temperature is 106 to 107 F. 

The man with cold feet may feel cold with a 
temperature of 80 F! The obvious remedy is both si 
ple as well as complex. We can at least see to it 
the air flow in the region of the legs is not too ray 
and that the temperature of the air mass between 
ceiling and the floor level is equalized. 

We can provide a certain amount of radiant heat 
the scheme of heating and not depend wholly on gen 
air temperature for control. If the individual oi 
type that we have here under consideration (and 
usually involves the older members of the family and 
slender types) normally wants some place to “toast 
feet” on the day when the barometric pressure is hig 
there would appear to be sound physiological reason 
this desire and the engineer should take this into co 
sideration. Usually the warm glow of the elect: 
heater is adequate and practical. Much more ditt 

cult is the effectiv 





Fig. 1—Chart of day by day observations of blood pressure 


and proper meth 
of actually heating 
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revealing the fact that even during hot weather the blood 
pressure may increase; this might occur when a patient of this 
type were subjected to air conditioned rooms with a differ- 
ential of 20 to 30 F. The chart shows the blood pressure 
curve of a hospitalized patient (not air conditioned) during 
the period of the unusual heat wave in Chicago, 1934. Note 
blood pressure increase during this period (actual rise occurs 
as a result of the seemingly minor polar episodes indicated 
by the dotted vertical lines leading from the crests of the 
blood pressure curve to the depressions in the temperature 
curve above) ... In the graph the upper trace is that of the 
wind velocity (1), the dotted line the daily mean temperature 
(2), the heavy curve the daily barometric trace (3), the sys- 
tolic and diastolic blood pressure is indicated by the black 
field (4), the pulse rate by the white line in the black field 
(5). Note that with the infall of cold air following the period 
of unusual heat, the patient develops albuminuria 
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the floor. I have 
cently had the 
portunity of obser 
ing some ol 
excavations mac 
Trier and at Colog! 
and noted the ca! 
with which pan: 
and floor heating was 
provided for th 
wealthy Koma 


[Concluded on p 












HIERE are several ways of arranging a filing sys- 
tem for techmcal papers and magazine articles. 
For this reason, a description of one that has met 
my needs for several years may also be of interest to 
No claim is made that the system described here 
has been planned logically or that it will meet the needs 


others. 


Filing Technical Articles and Papers 


Many engineers have developed methods of filing magazine articles, tech- 
nical papers and other data to meet their personal needs. William Good- 


% 
man 


of ev eryone. 


answered my 


useful to others. 


the “List of Folders” are kept 


the subject and its number are marked on e:% 


separate folder is provided tor each 


describes here the system he has employed for several years 


i 


te 


Engineer Describes Method He Uses for 


own peculiar requirements am 
\ number ol folders labelled according to 


' 
nim th 


It represents a haphazard growth t 


] 


i 


{ 


a filing cabinet 





*The Trane Co. Member of Board of Consulting and Contributing one " . . 
Editors The folders are numbered for two reasons 
, List of Folders 
\ F 10 Application 
10 Acoustics 10 Filters 10 Codes and Stand 
») Air, Properties ot 20 Flow of Fluids 50 Compressors, Ri: 
Air Conditioning 60 Compressors, Centril 
\\ 30 Air Distribution G ‘0 Condensers, Evaporat 
. 40 Chemical 10 Gages 80 Condensers, General 
: 50 Controls ” Cooling Towers ' 
60 Costs H Ponds 
70 Drying Heat Transfer oO Vontrois and — 
80 Duct Work 10 Building Construction Valves 
; 90 Fans 20 Coils 110 Evaporators 
100 Filters 30 Data 120 Kelvin Reverse | 
110 Heat Gains, Body 40 Mathematics 130 Lubrication 
120 Heat Gains, Miscellaneous Heating 140 Miscellaneous 
130 Heat Gains, Solar 50 Central Plants 150 Piping 
140 Humidihcation 60 Controls 160 Refrigerants 
150 Ice 70 Cost and Economics 170 Retrigerants, Fr 
, 160 Industrial 80 Exhaust Steam 180 Steam Jet 
170 Installations 90 Hot Water 100 Uhermodynam . 
180 Instruments & Measurements 100 Instructions 200 Trouble Shooti 
190 Maintenance & Operation 110 Intermittent > 
200 Miscellaneous 120 Meters 10 Stokers 
210 Noise 130 Miscellaneous 
>. ’ - . x ° ° : 
220 I sychrome tric ( harts & Data 140 Piping j 10 Temperature—Measu1 
230 Residence Research 150 Radiation Calculations Instruments 
240 Spray Chambers & An 160 Radiator Orifices s0 Thermodynami: 
Washers 170 Steam Traps J ims ‘ 
250 Standards 180 Trouble Shooting [ 
260 Systems & Layouts 190 Unit Heaters 10 U. S. Weather Bureau Re 
270 Theory & Calculations 200 Vacuum Pumps 
280 Trouble Shooting 210 Warm Air \ 
4 290 Ventilation | 10 Vacuum Cleaners—Cent: 
B 10 Lubrication tem 
10 Bearings \“\ 
; vga 
*0 Bibliography M 10 Water Treatment 
. Boilers 10 Machine Design 20 Wells 
30 Coal Tests 
40 Hartford & Return Connec- Q, BUILDINGS 
_ ons 10 Oil Burners 10 Auditoriums and | 
0 Miscellaneous Buildings 
ng 60 Oil & Gas Tests P. 90 Bakeries 
70 Selection & Sizing 10 Plumbing 3:0 Banks 
10 Charts Power Plants 10 Breweries 
>) «ll : 20 Condensers 50 Churches and Memor 
0° Coal 30 Diesel Engines 60 Factories 
40 Combustion no Miscellaneous (0 Garages 
0 Corrosion 50 Piping . . need Hospitals 
60 Steam Engines 90 Hotel and Apartment rile 
1 70 Turbines 100 Laundries 
10 Drawine Standards. Ete 80 Pumps, Centrifugal 110 Lodge Buildings 
120 Motion Picture Studios 
R. 130 Office Buildings 
; Electric & Gas Contracts 10 Reducing Valves and Pressure 140 Printing Plants 
10 Standard Forms Regulators 150 Schools 
20 Electrical Refrigeration 160 Theaters 
ul ‘0 Elevators 20 Absorption Plants 170 Transportation 
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marking each magazine article or paper 
with the number of the folder in which 
it belongs, filing mistakes are avoided. 
(2) Those who have assistants need only 
mark the folder number on an article of 
interest and then pass it along to others 
for cutting and filing. By marking each 
article from the list, which should be kept 





handy, a stenographer can attend to all the 
details—cutting, filing, bringing folders 
when needed, and returning articles to the 
file. 

A magazine article that is to be kept is 
cut from the magazine, stapled in the left hand corner, 
and placed in the proper folder. While this system re- 
quires some work to start, it requires the least work 
and bother for its maintenance. Folders containing 
magazine material can easily be removed and replaced. 
Furthermore, adding new folders is a simple matter. 





All of the folders are filed alphabetix 
As soon as a new folder is added, a nu ly 
is assigned to it. If a new folder is 1 
filed under, say, “M" between two 
ers already numbered “10” and “20, 
new folder is marked “M-11,” or with a 
other number between 10 and 20. | 





case of subheads, as under “Air Condi 
ing,” the main heading “Air Conditioning 
appears on each folder along with the 
heading ; there are no folders for the 
heading alone. Under the heading “I 
ings” at the bottom of the list, descri 
material relating to actual buildings is filed. All of ' 
“Building” folders are filed together behind the letter 

The size of the system is limited only by the si 
the filing cabinet. For a small system, an inexpensi 
heavy paper transfer case provides as much filing 
as one file drawer. 





Weather— 
| Concluded from p. 596] 

when he lived in the north woods of Europe in the 
second and third centuries. I am firmly convinced that 
the comfort that can be achieved (mental and physical ) 
when the individual can live in a room with relative 
warm floors and cooler air, will in the final analysis 
prove really advantageous.* 


Health and Air Conditioning 


Finally, a few words concerning “health and air 
conditioning.” Too often there is much loose discussion 
concerning the possible reduction of “illness’’ for indi- 
viduals working in buildings that are air conditioned ; 
by illness there is usually implied a reduction in colds 
and respiratory infections in general. 

There is at present no good evidence, in my opinion, to 
support such broad statements. While the theoretical 
possibility exists that continued and absolute uniform- 
ity of optimal environmental conditions should render 
the individual more resistant (though even this thesis 
could be attacked) such a situation never exists in real 
life. At best the artificially created situation exists for 
eight hours a day and at least eight more are spent under 
conditions where the environment varies greatly. The 
opportunity for crowd infection’ is many times as great 
on the street car and subway, in the restaurant, the 
shops, and the movies and the home, as it normally would 
be in the office or factory. A reduction in morbidity 
need not be anticipated merely because we air condition 
the office or factory for one-half of the individual's ordi- 
nary daily period of action. 

With ordinary methods of heating (with the usual 
high and dry temperature of the room), the mucous 
membranes may be dehydrated and resistance to bac- 
terial penetration may diminish; it would then seem 

*The English, have of course, developed panel heating but have done 
little as yet in the way of actual floor heating 


5Assuming that infection is the only factor involved in the onset of 
illness, which it is not. 
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logical that with proper air conditioning the mu 
membranes would be kept in a more normal conditio 
and resistance to infection would be increased. 

Actually, however, an infection involves not only ¢! 
presence of the proper virus on the mucous membrane; 
but is preceded by a period of generalized as well a 
localized vascular spasm before the bacteria apparent! 
penetrate. Such periods of vascular spasm are by | 
means controlled (though they may be modified) 
merely placing the individual in an air conditioned roo: 
and we must not expect prevention of all colds and resp 
ratory infections by such means. In other words, our e1 
thusiasm should be moderated by the realization tha 
we seldom deal with simple situations, but very comple, 
relations indeed. 

The discussion of this important and interesting fie! 
would require too much space and I can only suggest 
to the. engineer that the human organism happens 
be an amazingly intricate and at times seemingly unrea 
sonable piece of apparatus and that he must not expe 
it to behave according to the rules of the handbook 
mechanics. The course of a million years cannot 
changed over night even by the most ardent air cond 
tioner. The more reasonable engineer will learn to bx 
patient with the most individualistic of animals—this 
human subject. 


‘ 
} 





Income Tax— 

[Concluded from p. 594] 
to the building itself, that amount probably wi! 
allowed as a deduction. This situation should not | 
confused with the tearing out of otherwise good walls 
or partitions, re-arranging electrical conduits a! 
curring other expenses which would be unnecessa! 
except for the installation. All of these things are imc! 
dental to the main improvement and their cost 1s pa" 
of the cost of the system. 
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; qos accompanying tabulation supplements similar It is hoped to publish similar informati 
ate we a0 ON 7 » hea ——— O3R 
data given on page I 8 of the February, | 38, HEA stallations as it becomes availabk Survestiot 
inc, PrpinG AND AiR CONDITIONING. The object is to ) 
! . Ty Ay or ; EP aes making these summaries of the greatest usetuln 
> place pertinent mtormation on piping installations on the S 
record for convenient and general reference. be appreciated by the editors 
Summary of Information on Piping Installations 
Name AND LOCATION PRESSURE AND NomInAL Diam PLANGED 
PIPING Temp anD WAL COMPOSITION ELectri STRES 
ENGINEERS AND SERVICE Le per So IN THICKNESS or Pipe ym GAS RELIEVED X-Rave 
CONTRACTORS AND F IN MATERIAI WELDED 
Essex Station Newark, N. J.|High pressure 1500 Ib, 1000 F (Sched. 160 Carbor Electr welded \ \ 
. stean leno NE 
Piping Contractors, Ur ited . 
Engineers & Constructors Int. main steam) 300 Ib, 750 I 10 it nd inder.'\Carbon ste« Electr ve r Ve \ t ‘ 
Piping Fabricator The M and low pres Sched. 40: 18 it ~ 
W. Kellogg Co sure boiler 24 in. and 26 ir 
eed “Mau 30 it 's 
io 
Boule eed 75 lb, 750 F 10 in. and smaller.|/\Carbon stee E 
pum} Sched. 40: 12 
and larger 
30 
Exhaust stear 15 lb, 450 PF 10 wv and) =«smaller|Car tet El 
tl Sched. 40; 12 
te 20 ir 
Sched. 30; 241 
1 
tl 
High pressure 2000 | 150 FP Sched. 160 Carbon steel Electric welce Ye t bin. ¥ 
nes boiler feed 
| as High pressure 1500 Ib, G00F Sched. 160 Car tee] Flectr welded |¥« nm ite. Sin | Ve —— 
hlow ] VT 
nt s 
Blow dowr 100 Ib, 600 F Sched. 80 Cart tee] Electr velde Ye ts. 8 
Safety valve WO ib, 050 F 10 is and) «smaller Car tee E} 
" low off Sched. 40; 12 1 
and er Sched 
S} 30; 24 i t $¢ 
e! if if 
- Waterside Station No. 2,| High pres 1400 Ib, 900 F |Sched. 160 Carbor Electr i Ve \ 
. Units 4 and 5, New York stean ] 
le City 
Boiler feed dis- |1725 Ib, 600 F | 34 in. to 6 in. Sched./Carbon ste Electric welded | ¥« \ 
Piping Contractors, M. H harge 160: & in. 10 ix 
il Treadwell Co Piping and 12 im. Sche 
ie Fabr The NN W 140 
Ke 
res Boiler blow off (600 lb, 750 F Sched. 80 Carbon ste« Ele 
High pressure (250 lb, 750 F Sched. 40 Cachan etast Piectsic welded |Vs \ 
bleed and 
ea stean 
a Inter bleed or 125 Ib, 450 F 12 ir 1 smaller'Ca I 
fresh wate Sched. 40: 14 wy 
16 in. and 18 1 
i Sched. 30 
| Low pressure 125 Ib, 400 F 12 in. and smaller|Carbon steel Ele 
, bleed exhaust Sched. 40; 14 i 
A 16 in. and 18 1 
} Sched. 30 
Schuykill Station Main stean 1350 lb, 925 F (Sched. 160 Carbor Elect welce Ye \ 
Philadelphia, Pa moly bder 
‘ nsulting Ex gineers, United! Boiler feed 1700 Ib, 400 F |Sched. 160 Carbon steel Electnec welde Ye \ 
Engineers & Constructors 
Piping Contractors, M. W 
Kellogg Co Cross-over 225 lb. 500 PF Various up to 30 ix Carbon steel Planwed a y \ 
Cart welde 
' lv 
American Smelting & Refg.| Main stean 440 Ib, 750 F Extra heavy Carbon steel Plange 
Co., Maurer, N. ] 
: i Boiler feed 520 Ib, 350 PF Extra heavy Carbon steel Flanged N N . ) 
Piping Contractors, M. W 
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SOUTHERN CALIFORNIA: Organized, 1930. Headquarters 
Los Angeles, Calif. Meets, Second Tuesday in Month. Presider 
E. H, Kenpatt, 1978 S. Los Angeles St. Secretary, J. F. Pars 
1234 South Grand. 
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erformance of Surface-Coil Dehumidi- 


fiers for Comfort Air Conditioning 


By G. L. Tuve* (MEMBER) and L. J. Seigel,** Cleveland, Ohio 


This paper is the result of research sponsored by the AMERICAN Society OF HEATING 


AND VENTILATINS ENGINEERS in cooperation with Case School of 


Introduction and Summary 


VER since extended surface coils were first in- 

troduced in air conditioning, the engineer has 

been confronted with the problem of finding some 
method for rating them and for calculating their per 
formance after the ratings have been made. Because of 
the immediate need for a solution to the problem, a great 
number of methods have been devised and are now in 
use. These procedures are based on heat transfer theory 
to a certain extent, but most of them resort to many 
approximations, either because the theory does not apply, 
or because it becomes too complicated for practical use. 
The purpose of this paper is to review some of the 
methods available, and to propose another method which 
combines both simplicity and accuracy. This has been 
named the humidity method. 

In general, the problem may be attacked in two ways: 
(1) Calculations may be based directly on overall co 
efficients of heat transfer, U or K. (2) Ratings and 
calculations may be made on the basis of individual sur- 
face coefficients on the refrigerant side and the air side, 
or on the basis of surface temperatures. If overall co- 
efficients are used, the ratings are usually prepared in 
tabular or curve form, and special devices are resorted 
to for the calculation of dehumidification problems 
When surface coefficients are used, the coil can be rated 
over its entire operating range by means of only a few 
tests, but the calculations for coil performance are usually 
more complicated because the methods using surface 
coefficients are based more exactly on heat transfer 
theory. 

In the first report on this cooperative research project,’ 
the two methods of analysis were examined, and the 
hasic theory of dry-coil performance was reviewed. Test 
results available in the literature were summarized. In 
the second report,® additional experimental data on dry 
coils were presented, and a method was suggested as a 
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basis for dry-coil rating and calculation, using overal 


coefficients. The third report® dealt with dehumidifica 
tion, and showed the approximate variation of perform 
ance in the range of commercial coil designs. Here agai: 
the possibilities of several methods based on overall c 
efficients were examined. The present paper deals wit! 
the application of the surface coefficient method for d 
humidifying coils \ simple method of solution on the 


psychrometric chart is given, and its applications to coi 
rating and coil selection are discussed. Solution by trial 
hamiedit 


method, and coil performance over the entire range can 


and-error becomes unnecessary with this 
be determined from the results of a few simple dry-coil 
tests. The method is applicable to both direct-expansion 
and water coils. 

One of the inherent advantages of surface-coil ce 
humidifiers over the spray type is the higher exit dry 
bulb which is possible with a given amount of dehumidi 
fication. This may result in a smaller required size of 
refrigerating machine, and the necessity for little or no 
reheating. As soon as the performance characteristics 
of surface coils are better understood by air condition 
ing engineers, these advantages will be more widely re« 


ognized. 


Correlations Between Dry-Coil and Wet-Coil 
Performance 


A practical summary for comparing most of the meth 
ods now in use for figuring dehumidifying coils is given 
in Table 1. 


basis for this comparison, i. 


\ single type of problem is used as a 
the problem of finding 
the exit air conditions, the coil size and the required 
temperature of refrigerant when the inlet air conditions 
In methods 1 to 4, 
the overall coefficient of heat transfer (U or 


and the heat load ratio are known. 
in Table 1, 
K ) 1s used. 


side and refrigerant-side coefficients 


Methods 6 and 7 utilize the individual air 
Methods 5 to 7 
also employ some form of surface temperature in the 
calculation. 

Reference is made in Table 1 to the advantages and 
disadvantages of the various methods. as indicated by 
the list in Table 2. An ideal method for rating and cal 
culating dehumidifying coils would have all of the favor 
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Table 1 


Type of Problem: Given, inlet air conditions, total load, heat- 
load ratio, air velocity, refrigerant velocity, depth of coil. 


Seven Methods fer Figuring Dehumidifying Coils 


Required, face area, exit air conditions, refrigerant temper- 
ature. 


Ap- |Drsap 


. VAN VAN REFER- 
3 PROCEDURE FOR TAGES | TAGES! ENCES 
= Test Resuits Usep SOLUTION . See 
Be AS BASIS FOR See EQuatTions, See Tarte! Foot- 
AZ ANALYSIS TABLE 3) 2 notes 


1 {Overall coefficients for|Assume refrizerant temp-| 4, 5,8 |1, 2, 3,/A.S.H.V 


iry coil as a function of:jerature. Solve for exit 6, 8, 9./E.Guipe 
1) Air velocity; 2)idry-bulb and for face 11 1937, 
Depth of coil; (3) Re-jarea by Eas. A and B, p. 198 


using sensible heat load 
mly. Test answer by ex 
penence, and make other 
trials if necessary 


rigerant velocity 


2 |verall coefficients as in|Assume refrigerant temp-| 4,8 /1, 2, 5 |Commer 
No. 1. Wet-coil multi-lerature. Solve for exit 7. 8, 9 \cial 
jpliers as a function of|dry-bulb and for face 10 dulletins 
temperature differences. |area by Eqs. A and B, 

using wet-coil coefficient 
and «total heat load 
Make other trials if ne« 
essary 
3 | Jverall coefficients as in|Locate exit relative hu-|1, 3, 4,/2, 5, 7 3 


No. 1. Wet-coil multi-|midity on load ratio line.|6, 8 8, 10 
jiers as a function of| This fixes exit conditions 
eat load ratio. Exit rel-|Solve for face area by Eq 
itive humidities as a/8B and for refrigerant 
unction of heat load|temperature by Eq 
atio using wet-coil coefficient 
and total load 


4 | 'verall coefficients for|Assume refrigerant temp-|3, 4, 5,/1, 2, 7 ; 
jsensible and latent heatjerature. Solve for exit|6, 8 8, 10 
ranster, given separate-idry-bulb and exit dew 
ly. Latent heat coef-|point by Eq. A, using L's 


licients based on dew-jand UL. If exit condition 
|Qoint mean temperaturejdoes not fall on load ra- 
lifference.) tio line, make other trials 


5 | Ratio of heat removed to} Using intersection of load!1, 3, 4./4, 5. 6 t 7 
reat removable, as ajratio line with saturation|6, 8 8. 10 
unction of air velocity|curve as surface tempera 
jind depth of coil. Re-jture, find exit conditions 
rigerant to - surface|by ratio of heat removed 
temperature differential|to heat removable. Solve 
is a function of total|/Eq. B for face area. Find 
oad 7 refrigerant temperature 
by subtracting T fron 
| surface temperature 


coefficients as ajAssume refrigerant temp-|1, 2. 3/4, 5, 8 ‘ 
unction of air and fe-lerature. Find extent of 10 
rigerant velocities iry surface, if any. Solve 
for final wet-bulb, and 
locate intersection or 
load ratio line Tables of 
empirical factors requir 


6 | surtace 


| 
e* 

7 | >urface coefficients as a/Find minimum dry-bulb/1, 2, 3,/8, 10 |This 
unction of air and re-|for zero dehumidification|4, 5, 6 Pape 
rigerant velocities by Eq. F, with 7's en-|7_8 

tering dew-point Draw 


a relative humidity line 
| through this dry-bulb and 
*ntering dew-point. Find 
face area from Eq. B 
surface temperature fron 
Eq. F and refrigerant 
temperature from zq 


able characteristics listed in the first part of Table 2 
and none of the disadvantages enumerated in the last 
part of that table. From Table 1 it is evident that, 
while the early methods of figuring surface dehumidifica- 
tion had many advantages, they also had certain im 
portant disadvantages, chief of which were their lack 
of general application and their uncertain accuracy. 

The proposed humidity method of coil rating and cal- 
culation (No. 7, in Table 1), has most of the advantages 
and few of the disadvantages listed in Table 2. This 
method deserves further investigation, as outlined in the 
last section following. 

The procedure outlined in 
seven methods is not in all cases the only procedure 


lor instance, in method No. 2, 


Table 1 for each of the 


available. an assumed 
wet-bulb depression at the exit, or relative humidity of 


the exit air may be used as the starting point, rather 
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than an assumed refrigerant temperature. Again, 
using method No. 5, the refrigerant-to-surface tempx 
ture differential is sometimes found by an arbitrary 1 
or approximation, rather than from tests. 

There are also several types of problems other t! 
the one used as a basis for Table 1 and the proced: 
for solving some of these is illustrated in Table 4. T: 
and-error solutions are necessary for many types 
problems when methods 1 to 6 are used, while met! 
No. 7 usually affords a direct solution, without tri 
and-error. 


Table 2 


Advantages and Disadvantages of Various Methods o 
Figuring Dehumidifying Coils 
(See Table 1) 

\ovantaces (Character stics of the idcal method) 

1. Trial-and-error solution not required. 

2. Few tests necessary for rating a coil. 
3. Good accuracy for coils of the type tested 

4. Method easily explained from psychrometric chart and 

ple heat transfer equations. 

5. Tables of empirical factors not necessary. 
6. Easy graphical solution on psychrometric chart 
7. Wet-coil tests not required for establishing rating 


8. Calculations very simple. 


Disapvantaces (of actual methods) 
1. Many problems require trial-and-error solutions 
2. Large number of tests necessary for rating coils 
3. Uncertain accuracy, probably not closer than 10 per cent 
1. Method difficult to understand in terms of fundamental 
». Extensive tables of constants or empirical factors requir: 
6. Inaccurate for high latent heat loads. 
7. Difficult tests required for establishing ratings 
8 Applicable only to specific coils tested 
9. Applicable only to operating conditions used in tests 
10. More research necessary to establish accuracy. 
11. Coil may not dehumidify according to specified heat 


ratio. 


Surface Temperatures and Surface Coefficients 


Many of the solutions to surface-coil problems now 
use have been developed through a knowledge of so 
form of surface temperature. The true surface tempera 
ture of a coil is a variable, depending on many fact 
in the coil’s construction and operation. Goodman 
shown that surface temperature varies in the direction « 
the air flow,* but equally important are the variations «lu 
to the temperature rise of the refrigerant and to the ten 
perature gradient in the fins. Some investigators hav: 
attempted to determine surface temperatures by direct 
measurement with thermocouples or by theoretical « 
culation from other measured quantities. To take tly 
place of true surface temperature, fictitious surface tc! 
peratures have been worked out and used by differen 
experimenters. For example, the intersection of 
heat-load ratio line with the saturation line on 
psychrometric chart has been given the interpretatio! 
of surface temperature by Knaus,* Wells,’ Pownall* 


*Dehumidification of Air w'th Coils, by William Goodman (Refrige 
Engineering, October, 1936, p. 225). 

“Extended Surface Cooling Units, by R. H. Swart (Refrigerating 
neering, February, 1938, p. 107). 

*Heat Transmission in Cooling Air with Extended Surfaces, by \ 
Knaus (Refrigerating Engineering, January, 1935, p. 23, February 
p. 82) 

7Graphical Method of Determining Vinned Coil Capacities Descril« 
Kk. P. Wells (Heating, Piping and Air Conditioning, Vecember, 


p. 665). 
‘Rational Development and Kating of Extended Air Cooling 5 
by H. B. Pownall (Refrigerating Engineering, October, 1935, p. 21 
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Table 3 
(See List of Symbols, Table 8) 


Equations 


| (A): Total heat transfer overa | coefficient total su 
face area log mean temperature difference 
Or= UX (A depth of coil & face area) * mild 
or, 
Or= hX (A depth of coil & face area) mid 
where mtd, is measured from fluid to fluid, and 
mid: is measured from fluid to surface 
ky. (B): Sensible heat transfer = weight of air specific heat 
< temperature change. 
QOs=G X face area K 0.24 & (7; T.) 
Os = 0.24 X cim & 60 & 0.075 & (7; T:) 
Us 0.24 face velocity face area *& 60 & 0.075 


(7; Ts) 


Fg. (C): Total heat transtet weight of air change in 


enthalpy. 


O7 G face area & (/1, His) 
Ox = face velocity * face area » 60 0.075 
(H, Hs) 


Fy. (D): Qs he/R (7 Tr.) AN 


(Appendix 3) 


Kg. (F): Aa = (0.24G/AN) loge (Appendix 2) 


others. (Table 1, method No. 5.) Usually a mean 
surface temperature is used, which is supposed to take 
care of the temperature gradient in the fins. 

In this paper, surface temperature has been consid- 
ered as the temperature of an imaginary surface having 
the same characteristics for heat transfer as the coil 
itself, 
assume that the heat transfer coefficients have been de 


To obtain a clearer idea of this interpretation, 


termined for the coil under consideration. Then imagine 
the whole coil to be a thin-walled pipe or bundle of tubes 
having the same heat transfer coefficients as the coil, but 
consisting of prime surface only. Consider a refrigerant 
to be inside this pipe, and air to be blowing across the 
pipe on the outside. 
this type of imaginary surface that is called surface tem- 
perature, 7, in the development which follows. 


It is the average temperature of 


Surface coefficients are usually determined from over- 
all coefficients by some direct or indirect use of surface 
temperature in heat transfer equations, as in the method 
developed by Goodman.” However they are determined 
they may be expressed in terms of the velocity of the 
fluid with which they are associated, and they may be 
used to calculate the overall coefficients for any com- 
bination of conditions, by equation FE, (Table 3). When 
calculations of the overall coefficient are made for a 
dehumidifying coil, due account must be taken of the 
latent heat as well as the sensible heat transfer. 

The refrigerant-side surface coefficient is independent 
of what happens outside the coil; hence it is no doubt 
identical for both dry-cooling and dehumidification. The 
temperature gradient (or temperature rise) across the 
inside surface film is directly proportional to the total 
loal; hence it changes when dehumidification begins, as 


vy! 


Cit. See Note 4 
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» | e ’ | 
does also the temperature gradicnt n 1 ms at 


outside surface coefficient and the temperature gradient 
| 


across the air film are both changed by the presence 


dehumidification. Methods for taking these changes int 


account, and for deternuning the surface coefficients ar 
given in the following section 


Derivation and Use of the Proposed Humidity 
Method 


Before indicating the derivation of method 
Table 1, it is well to review the characteristics of ck 
humidifying coils as indicated by the heat-load 
lines on a psychrometric chart. If the inlet and exit a 
conditions are located on a non-logarithmic psyvehr 
metric chart (for example, points | and 4, | 
angle which the straight line connecting the two point 
makes with the horizontal is a direct measure of thy 
relative amounts of sensible heat and of latent heat ex 
tracted from the air by the coil, i.¢., this angle is a mea 
ure of the heat-load ratio. Conversely, if the init 
dition of the air is located on the chart, and the re quires 
heat-load ratio line drawn through it, the exit condi 
tion will be somewhere on this line, near the saturation 


1 


curve In this latter case, the problem is to locate the 
exit pomt, usually by means of another line which will 
intersect the load ratio line The exit air poi 


thus be located as follows 


l By finding the drv-bulb temperature ot thre exit 
( Method No l. lable 1) 


2. By finding the wet-bulb t 


nperature of the exit air 
By finding the dew-point temperature of the exit ait 
(Method No. 4) 
{ By finding the relative humidity of the exit ai 
5. By finding the wet-bulb depression helow drv-bull 
the exit air 
6. By finding the ratio Heat removed/heat removabk 


Length of line from inlet to exit air conditions 
Length of line from inlet to saturation curve 

The method now to be described is approximately 
equivalent to finding the relative humidity of the exit 
air, 

Suppose air enters a cooling coil at conditions corre 
sponding to point 1 in Fig. 1 \s long as the surtac 
temperature of the coil is above the dew-point, the 
will be cooled without loss of moisture, and its condition 
as it leaves the coil will be somewhere along the line 
1-2. Its exact position on this line will depend on 


\\ hen 


the surtace temperature just equals the dew-point, th 


the air velocity and the air-side surface coefficient 
air will leave with conditions represented by point 2 
Sut if the surface temperature is reduced below the dew 
point, condensation will take place, and the air will hav 
whicl 
is a curve at a constant hortsontal distance from th: 
saturation curve. It must be understood that the path 
1, 2, 3, 4, is not intended to represent the path of th 
condition of the air as it passes through the coil, but 
rather the path traced by the exit air conditions as thi 
surface temperature is gradually reduced, with other con 


a final condition somewhere along the line 2-2-] 


ditions remaining constant. For proof of the stacement 
that the exit conditions lie along this line, see the se 


tion on Experimental Work, and also Appendix | 
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Sketch of Humidity Method on psychrometric 
chart 


Fig. 1 


The horizontal distance from the saturation curve to 
a given relative humidity line on the psychrometric chart 
is very nearly constant.’° Therefore the minimum dry- 
bulb ine rature for zero dehumidification (represented 
by point 2 in Fig. 1) and the exit conditions for any heat- 
load ratio, should have approximately the same relative 
Hence, method No. 7, Table 1, has been 
relative humidity method, or merely the /u- 


humidity. 
named the 
midity method, 


Summary of Procedure for Humidity Method 


1. Solve Eq. F, Table 3 for the minimum exit dry-bulb tem- 
which can be attained without dehumidification, and 
chart of this 


perature 
establish the intersection on the psychrometric 
temperature and the horizontal through the entering dew-point. 

2. Through the point just established, draw a line of con- 
stant relative humidity. The intersection of this line with any 
load-ratio line determines the exit air conditions for that heat 
load ratio. 

3. Solve Eq. B, Table 3, for face area 

1. Find surface temperature by Eq. F. 

There are several other types of problems which are 
important in fin-coil rating or selection. Most of these 
are included in the summary of Table 4, which indicates 
the application of the /iumidity method to five other 
groupings of the knowns and unknowns besides the 
one used for Table 1. Trial-and-error solutions are not 
necessary in any of these except No. 1. 
certain limitations with 
Since a single sur- 


The proposed method has 
respect to the refrigerant conditions. 
face temperature is used, the accuracy of the method is 
uncertain when the water is 
large, as it may be deep counterflow coils. With a 
direct-expansion refrigerant, the method of finding sur- 
face coefficients outlined Appendix 4, is not suitable. 
One way to overcome this difficulty would be to test a 
similar coil with water refrigerant, and then use the 
same air-side surface coefficients for the direct-expansion 


temperature rise of the 


coil. 
A special advantage of the humidity method is that it 


See Relation of Dew-Point to Relative Humidity, 
inc, Atr Conpitrontnc Guipe 1938, Chapter 1, p. 9. 
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Table 4—Procedure for Solving Problems by Method No. 


PROBLEM 
w Ce . . PROCEDURE FOR SOLUTION 
| GIVEN REQUIRED | 
|Ent. Cond 


|Air velocity 
[Refrigerant 


|Exit Cond. jl. Find minimum dry-bulb fi 
|Load ratio humidification by Eq. F 
| Total heat Entering DP 


velocity | transfer 2. Find 7s from Eq. D 
| Refrigerant | |3. Find exit DB from equation F 
temperature. 4. Draw a relative humidity line 
| the entering DP and DB found , 
At the intersection with the DB 
| in (3), read exit WB. 
| 5. Find total heat transfer from Eq 
| ls. Find sensible heat transfer a: 
|} Tatio. 
Ent. Cond. Exit Cond. jl. Find minimum dry- bulb for zer 
|Air velocity. Refrigerant | humidification by Eq. F jwit 
2 |Refrigerant temperature. Entering DP 
velocity Total heat |2. Draw a relative humidity line 
Load rat transfer. | the entering DP and DB found 
At the intersection with the | 


| | line, read exit conditions 
3. Pind total heat transfer from Eq 
14. Find Ts by Eq. F and Tr by Eq 


|Exit Cond 1. Find minimum dry-bulb for 
| Refrigerant humidification "he Eq. F wit 
velocity. Entering DP 


i/Ent. Cond 
Air velocity 
_Load ratio 


3 |Refrigerant | Total heat 2. Draw a relativé humidity lin« 
| temperature. | transfer the entering DP and DB found 
| At the intersection with the load 
| line, read exit conditions 
| 3. Find total heat transfer from E 


4. Find 7s by Eq. F 
5. Find Ar/R by Eq. D and cal 


iEnt. Cond | 1. Find air velocity by Eq. C 
|Refrigeran t |Load ratio 2. Calculate sensible heat trar 
1 velocity Refrigerant ratio 
Total heat temperature. |3. Find Ts by Eq. F 
transfer 'Air velocity 4. Find 7r by Eq. D 
Exit Con 
Ent. Cond Coil « lepth. 1. Draw a relative humidity line t 


the exit conditions, and at the int 
tion of this line with 
through the entering DP, read the 
mum DB for zero dehumidificati 


|Exit Cond 

jLoad ratio 

Total load 
5 {Air velocity 


efrigerant 


temperature a stramht 


|Face area 2 s sale tlate ha from air vel ity ar 
Refrigerant . F for nun her f rows of coil d 
| velocity (or 
| surface coef 3. Solve Eq. F for 7s 

ficient 4. Find Tr from Eq. D 


find the capacity of a giver il. | 


service 


‘Problems 1 to 4 show how to 
shows how to select a coil size for a giver 


gives a solution for cases which the latent heat loa 
is high. In those methods which use the 
of the heat-load ratio line with the saturation curve as 
the surface temperature (see method No. 5, Table | 

it may be impossible to locate this intersection wher 


the latent heat load is great. 


intersectio 


Experimental Work 
In order to examine the validity of the method just 
described, and of the derivations given in the 
three fin-corls of radically different designs were tested 
The test equipment and the methods used were simi 
lar to those’ described in a previous report.’' A lin 
diagram of the test unit is shown in Fig. 2, and Fig 


Appendix 


is a photograph of the set-up. 

The equations obtained for surface coefficients by at 
alysis of the tests on the three designs of coils are give! 
in Table 5. These were dry-coil tests. The method for 
finding the surface coefficients was suggested by M 
Adams,’* and has been used by Pownall'® and others 
The procedure is outlined in Appendix 3. Air-side « 
efficients are expressed as a function of air velocity, and 
water-side coefficients as a function of water velocity 

In addition to the dry-coil tests for determining suriac: 
coefficients, many dehumidifying tests were made. |! 


MLoc. Cit. See Note 3. 
“Heat Transmission, by W. H. 
“Loc, Cit. See Note 8. 





McAdams, p. 264. 
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Fig. 2 


each test condition a comparison was made between the 
calculated relative humidity of the exit air for maximum 
cooling without dehumidification, and the measured rela 
In other 
words, the relative humidities at points 2 and 3, Fig. 1, 


te) 


tive humidity at exit during the actual test. 
- bend 


These comparisons are shown in the 
of Table 6. It noted that 
the agreement is very good in spite of a wide variety 
While three different makes 
of coils are represented in Table 6, they were all 4-row 


were compared 


last two columns will be 


of operating conditions. 


cross-flow coils, and in order to examine the results with 
other coil depths, a number of the tests reported by Good 


wprgie 2 ay 
sds re 


; 
4 


is es a Seattle 


Line diagram of test unit 







Fig. 3—Photograph of test set-up 






man'* were analyzed in a similar 
The 
the humidity method 


by the fact that those test points 


Table 7) validity of bot! 


method and 


his also showed 


curves good che by 

| | humidity method, but the points w! le 

eran ed irom his curves failed to give an agreemet 

Wares between calculated humidity and test result 
= Limitations of All Coil-Rating Methods 


a rood cl 


There is some question whether 


of a dehumidifvin 


periormance 


seemingly identical conditions 


within > per cent, and é 
any method can predict coil pert 
closer than this 


a wet-coil test may be repeated under identi 


It has been noted 


of entering air temperatures and velocity, ident 


ing refrigerant temperature and _ veloc 


test set-up, and the coil capacity may vat 


even when the heat-balance checks closer that 


It was i! 


suggested a | 


to diffe 


revious papet 


duc 


variations are rences between the it 
coefficients, depending on the predominance: 
condensation or film-condensation. Schmidt 
have reported differences greater t! HOO per 


‘lo { ? Nee Note j 
La { See Note 
Lax (it See Note 
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Se 
Still another limitation on the accuracy of metho 
rating dehumidifying coils is the presence of the w it 


of dehumidification. Many designs of coils do not « 
steadily, or the exact nature of the condensate filn 


Table 5—Surface Coefficients 
SurRFacE COBFFICIENT 


REFRIGERANT Sipe (Ar/R) 


Com 
Arr Sipe (ha) Rererrep To Arr Sipe AREA , 18 gag 
a Saas Vau 17.55 Va pends on just how the coil is installed, upon its ch 
BR | 0.405 Va0.t 22.7 Vee ness, and upon its immediate past history. All of t 
0.130 Va0.7% 21.4 Ves - 


limitations call for additional attention to the pro! le; 
of the inherent consistency and reproducibility of 
coil operation, and hence the probable limits of acc: 


Table 6—Comparison of Test Results with Computed Results 
of coil ratings. 





RELATIVE 
HuMIpIty 


ENTERING 
CONDITIONS 


Torat 
LOAD Loap _" > 
Ratio | pro Hour | am | Ar Exrr | Ar Ta Suggested Program for Fin-Tube Research 
Tres? >. | SoF1 Dry- | Wer- | Ver (By | (Com- 
Con No 1 Pace BuLB Bute | Fem Test PUTED) ie 
: In order to develop an acceptable uniform metho: 
A 15 0 638 | 11,320 83.9 | 74.0 | 477 90.0 90.5 ail . Pog : ' 
6 | O 444 13,000 | 860/| 785|324| 920 | 930 rating and comparing dehumidifying coils and for 
17 0.534 | 13,830 86.2| 76.6 | 415 91.0 91.0 SA : i ; ; . 
culating their performance under a variety of condi 
B 5 0.516 9,350 83.0 | 75.0 | 273 93.0 4.0 , ” ; ’ : ; 
6 0 302 9.430 75.3 | 75.3 | 271 99.5 | 100.0 the following program for the continuance of this 
12 0 634 10,050 84.1) 74.4) 540 92.0 93.0 aoe ay M aT ae . 
[36 | O Res isseo |1020| 82:5|685| 830 | 830 search should be carried out as rapidly as possible 
32 0 638 13,920 91.7} 79.5 | 578 90.5 90.5 ae pS a ne , : ae 
83 0 802 10,090 83 9 52 O 874 89 0 SY 0 1 | artation of air-side surface coe fix wits | he Variat 
34 0 795 11,600 85.4 72.6) 571 89 0 89 0 f the air-side coefficie , ie eNneci: 
36 0.703 9,870 84.5 | 74.1 | 463 91.0 91.0 of the air-side coe — 4“ should be studied, « pecially with 
37 0.809 8,620 85.4 74.0 | 474 90.0 90.0 ence to the comparison of dry- and wet-coils, and at var 
38 0 894 9,610 81.3 70.1 | 635 88.0 | 88.0 . on , ‘ : : ‘ 
39 0 596 14'100 835 | 755 | 635 92 0 92 0 heat-load ratios. These determinations will furnish a furt 
40 0.652 9,280 | 77.1 70.5 | 632 93 0 93.0 heck > accuracy af » Jeena ’ *tho ) btaining 
a1 ° 608 11200 01:8 | 77.8 | 274 03 0 93 0 check on the accuracy of the humidity method for obtainins 
pertormance. 
Cc i @ 0 670 12,920 88.8 73 389 79.5 80.0 ‘ — bs 4 
10 0 730 17.160 100.0 | 78.0 | 363 80.5 79 5 2. Refrigerant-side coefficients for water The effect of 
15 0 440 16,300 85.7 | 77 391 89.5 90 5 PESOS eS Re ae ar Ses 
+ 0 6m sooo | 1000} 801 | 360 82 0 82 0 veloc ities on the water-side coethe ients should be further stu 
30 0.640 17,100 89.8 | 76.0 | 483 84.0 | 85.0 especially for the higher water velocities now becoming com 
~ 0 460 19,500 89 9 79 8 399 87.0 89 0 ae ; . 
25 0.735 12,400 90.0 | 72.4 | 295 83.0 83.0 rhe actual advantages of the counterflow arrangement as 
35 7% 76 385 95.0 06 : 
aH Miia creep sadhind! ictesin Nasea a sci pared with cross-flow should be demonstrated by comparat 
r ~ tests. 


direct expansion. |} 


dichlorodifluoromethane in particular, a study of refrigerant-s 


: r 3. Refrigerant-side coefficients for 
Experimental Results by Goodman Recalculated by 


Humidity Method.“ (See Reference No. 4.) 


Table 7 
coefhcients for approved methods of coil arrangement will clear 
Revative Humipity up some of the uncertainties which exist in the comparisons } 


ENTERING CONDITIONS 
It will also give definit 


tween direct-expansion and water coils. 


No. j | 
Test or | Loap | Dry- | Wert AIR | By Test | CALCULATED ze x : . eats . 
No. Rows | Ratio| BuLe | Bucs | Verocitry | Per Cenr| Per Cent information regarding the amount of dehumidification poss 
Fem , ; a 
at various low-side pressures (or refrigerant temperatures 
Suitable experimental methods for dichlorodifluoromethan 


The following points fall close to Goodman's condition curves: 
tests should be developed and specified. 


16 4 0.795 | 84.0) 68.4 654 80.5 80 5 4. Depth of coils. The effect of the depth of coil up 
16 5 0.775 | 840 68.4 654 87 87 ss —> : 
16 6 0.760 | 840) 684 654 89 89 5 heat transfer characteristics should be studied further, su 
5 a 55 | 8 | 6 35 9: 9: : : 
7 wee ° boo + ° 76.1 a4 33 33 by tests on coils 2, 4, 6, 8, and 10 rows deep 
17 6 | 0480/ 859) 76.1 694 91 93 e > len be . be fice Le sill a a = 
4 ; 0600 | 87.4 | 74.2 aa a a 5. Re ation of heat transfi r to air velo cit) and fri tic I 
18 6 | 0580) 87.4) 74.2) 689 89 91 ther studies should be made of the economics of coil desig: 
25 ) 0.900 | 106.1 75.1 702 75 75 , 3 ‘ aaY 
selection with respect to heat transfer and air friction 
These points do not fall close to Goodman's condition curves rhe suggested program should cover both continuo 
fin and round-fin coils. 
17 7 | 0.462 85.9 76.1 694 sv 95 . ‘ > irecte —_— i . ; 
a ; oni onl se. = » = _All_ work should be directed toward the setting 
25 7 | 0.825 | 106.1) 75.1 702 80 85 of uniform Test Code methods for rating and calculati 
surface coils. The accuracy of the various met! 
"These data were based on Table 7 in Goodman's paper. , . : 
should be studied further. 


coefficients of heat transfer for steam condensation on 
surface-condenser tubes with identical operating condi- 
tions but different previous history of the tube-surface. 

Another difficulty in all coil tests is the near impossi- 
bility of securing sufficiently thorough mixing of the exit 
air so that temperatures can be measured to one or two 
tenths of a degree. The difficulty is especially great 
with wet-bulb readings. The type of mixing-box speci- 
fied in the Standard Code for Testing and Rating Steam 
Unit Heaters of the AMERICAN Society oF HEATING 
AND VENTILATING ENGINEERS and the Standard Method 
of Rating and Testing Air Conditioning Equipment of 
the American Society of Refrigerating Engineers are 
very unsatisfactory in this regard, and suggestions for 
improvement are solicited, 
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Appendix No. 1 
Proving that: The locus of the extt air conditions fron 
as refrigerant temperature is varied, is a line on the psych 
chart at a constant horizontal distance from the saturation cu 
The proof of the method proposed for analysis of wet 
performance will now be given. For this purpose it w'!! 
necessary to derive an expression for heat load ratio 
of entering air conditions and refrigerant temperature. 
From the psychrometric chart, the moisture content 
sponding to any dew-point may be found in terms of ter 
ture if the equation of the saturation curve is known tn 
of moisture content and temperature. However, a simpler | 
for finding moisture content in terms of temperature « 
used in this derivation. 


Referring to Fig. 4, if a straight line AR is drawn t! 
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Fig. 4—Development of Humidity Method 


the points on the saturation curve which represent the entering 


and final dew-points of air being cooled by a dehumidifying 


coil, the values of the moisture content at these dew-points may 


be expressed in terms of the slope and intercept of that lin 
The general expression is (See List of Symbols, Table 8.) 

m — dm/dT (T) + ( (1) 
Therefore, the moisture difference between the entering and 
final conditions may be represented by the following expres 
sion which was obtained directly from equation (1) by solv- 
ing for m. and mm» and then subtracting the results 

m, — my, — dm/dT (T, Ty) (2) 
where the subscripts a and /} refer to any dew-points whatever 
The slope dm/dT depends on the actual values of 7, and 7) 


that is, the slope of the straight line connecting the initial and 
final dew-points varies with the position of those dew-points on 
the saturation curve. 

The line E/ 


any coil performance in which the air enters the coil with the 


in Fig. 4 is the load-ratio line corresponding to 


moisture content m.,, and leaves the coil with the moisture con 
ten mm». The latent heat extraction through the coil is 
L 
V1 ( ts My ) 
7000 
L 
( 1. mis) f (la) als paella ee} 
7000 
where (m,—is) equals all the moisture which would be ab 


stracted from the air if it were cooled down to the coil surface 
temperature, and f(/',) takes care of the fact that it is cooled 
only a portion of this distance. In other words, the ratio of 
the latent to the the 


given surface temperature is a function of the air velocity (and, 


heat removed maximum removable with 


of course, of the coil design and coil depth). 
Replacing (m.—m,) in Equation (3) by its equivalent from 
Equation (2), the latent heat transfer may be expressed in terms 


of temperatures rather than moisture contents 


I dm 
V1 _ (DP —Ts) f (Vs) (4) 
7000 at 
It has been assumed by several investigators” that the ratio 


ot heat removed to heat removable is similarly affected by air 
velocity, whether latent heat, sensible heat or total heat is being 


considered. Making this assumption, the following may be 
written 
Os = 0.24 (7,— Ts ) f (Va) 
But 
O1 + Os = Or; or Or/Os = O1/Os + 1 
Loe. Cit. See Notes 6 and 
Hevtinc, Princ ann Am Conpitioninc, Serremper, 1938 


a) ad 
( QO 
0.24 7CoOO 
f 17 ar { ip la) 
(7 ls 
rom which 
A dm/dt { ( 
j 
A adm/adat (/,/Us 
Now, select any set of entering mrcdition 
constant (as well as the air velocity and refr 
and let the surface temperature be varied by 
irigerant temperature Under these conditions 
tace temperatures will result in increasing lat 
and the result on a psychrometric chart will be 
where line 2, 3, 4 1s a curve at a constant 
from the saturation curve his statement w 
by substituting different values of surface temy 
tion | (Set appendix No. 2 
h, AN ] I's 
0.24 0 / fa " 
The assumption that /, tor sensible « 
wet and dry surtace has been made by ther 
1s required here 
Table 8—List of Symbols 


dm/dl Slope of straight line connecting 
dew-points, (on the saturation curve 
m Moisture content in grains per pound 
m m Moisture content at 4 in grains per p 
my m Moisture content at B in grains per p 
] Dry-bulb temperature 
Te Dry-bulb temperature (and dew-point 
Ty Dry-bulb temperature (and dew-point 
l I Entering dry-bulb temperature 
| i Minimum dry-bulb temperature for 
cation 
] T's Exit dry-bulb temperature 
re Refrigerant temperature 
Ts Surtace temperature 
Os Sensible heat transfer 
O; Latent heat transfer 
Ox Total heat transfer 
DP Entering dew-point 
I Latent heat of vaporization 
K L./0.24 7000 
G Weight of air in pounds per hour p 
face area 
h \ir side surface coefficient in Btu pet 
foot surtace pet degree. sensible hea 
J lace velocity, feet per minut 
h, Refrigerant side surface coefficient in 
per square foot surface per degree 
J Refrigerant velocity, feet per second 
R Ratio of air side to refrigerant side su 
f \ir side surface area in square feet | 
of face per row coil depth 
Overall coefficient in Btu per hour | 
surface per degree 
\ Number of rows of coil dept! 
Then 
Ts, 7 Ts 
/ rss 7 Ts 
“Loc. Cit See Note 4 
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Fig. 5—-Graphical method for finding film coefficients, 
(first step) 


Substituting (6) in (7) and letting Y Kdm/dT and 7 


VO; (Os 
X DP —Z,T; X DP — 2.7; 
rT; —_— T,—- -- 
X — Zz, X — 2; 
Pe ee ae X DP —Z.T, 
ij ——————_——— ._ 7, — ——_—_— — 
X — Zi X risen Z: 
XT, — 2:T7,—X DP +2:T, XT—2Z:7,.—X DP + Z.T; 
XT: — Z:T: — X DP + 2:7, Ey pet Z:T X DP + 2.7; 
Collecting terms and dividing both sides by (X7,—X DP), 
XT; — Z:T: + 7,7, — X DP = XT. 2:73 + Z:T, — X DP 
or, XT: — Z1T; + ZT, = XT: ry A Ee 7 Se . (8) 
But, 0.24G(7T, —T:) = Qa 
Therefore, T: = T o_o Vs, 0.24 G Py and Tr — i; Vs 0.24 G. . (9) 
Substituting (9) in (8), 
XT, — XQs:/0.24 G — 7171 + Z:0s:/0.24 G + 217; 
XT: — XQs2/0.24 G — 2:71 + Z:Qs:/0.24 G + 2:7; 
Collecting terms and multiplying by 0.24 G, 
Z:Q0: — XQs: = 2:00: — XQs: ........... ...(10) 
But, Z; = Qus/Qai; Z2 = Ouz/Qs2 and X = Kdm/dT and 
K = L/0.24 & 7000 
Substituting these values in (10) 
Oui — (L/0.24 & 7000) (dm/dT) Os = Ore (L/0.24 7000 ) 


(dm/dT) Qs 
Therefore, 


(L/0.24 7000) (dm/dT) = (Om Yrz) / (Os Us) 
lL (im— me my + ms)/0.24 * 7000 (T, 7s Tl; + T3) 
or, dm/dT = (mz2— m)/(T:? A COS SS ee (11) 


Now, points 2 and 3 correspond to points D and F in Fig. 4. 
Therefore, line DF has a slope equal to dm/dT which has been 
assumed constant and equal to the slope of AB. This assump- 
tion is a close approximation for that part of the saturation 
curve used in comfort air conditioning. 

Therefore, it has just been proved that the line connecting 
point D to point F in Fig. 4 has the same slope as the line AB, 
‘onnecting the initial and final dew-points on the saturation 
curve. But D and F have the same dew-points as the initial 
and final conditions, (4 and B). Therefore, a line with the 
same slope as AB drawn through D must intersect a curve 
through PD and at a constant horizontal distance from the sat- 
uration curve, precisely at /. But in the operating range of 
comfort air conditioning, a line of constant relative humidity 
almost exactly meets this description. Hence, the curve 2, 3, 4 
in Fig. 1 (or the curve DF in Fig. 4) may be taken as a line of 
constant relative humidity. Since the load ratio line is a line 
which connects initial and final conditions, it also must pass 
through F. Therefore, point F can be determined from the inter 
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section of the line of constant relative humidity through D 
it is not necessary to find the slope of the straight line conn 
D and F. 

Since was selected as a perfectly arbitrary point, its pos 
can always be found by intersection of a relative humidity 
and the load ratio line as just explained. Therefore, a re! 
humidity line through point D must be the locus of all exi: 
conditions as the surface temperature is gradually decr: 
other conditions remaining constant. 

Appendix No. 2 
Derivation of exit dry-bulb equation. (Equation F, Tabk 
Os =h,A(MTD)N 
h,A(T,—T:)N 


() 


T,— Ts 
loge — 
rT: Ts 
But, Os = 0.24 G(T, T;) 


Therefore, 0.24 G(T, — T:) 


Or, Nh,A/0.24 Golog (T; Ts)/(T: ls 
Appendix No. 3 
Film Coefficients 
The suggested method for finding film coefficients involve 
use of two curves shown by Figs. 5 and 6. Both of these 
may be obtained from dry-coil tests only. 
Fig. 5 is an application of a method of finding the insick 
coefficient as suggested by McAdams. The curve may be obtai: 
from a series of dry tests run at constant air velocity and varia 


refrigerant velocity. Since 1/U = 1/h, +1/h,, the following 
pression may be written by replacing the A values in tern 
velocity: 1/U =—1/CV ." + R/BI,"* 


stants to be determined, AX is the ratio of external to int 


where C and B ar 


surface, m is an exponent to be determined, and |’, and 
the air and refrigerant velocities respectively Now if tests 
run at constant air velocity and variable refrigerant vel 
values of 1/CIl’," will remain constant, and the equation red 
to the general equation of a straight line in which the valu 
1/CV,," will be the zero intercept and the value of R/B wil 
the slope. (See Fig. 5.) 

Now, if tests are run at constant refrigerant velocity 
variable air velocity, R/BV,"" will be a known constant, and t 
equation will reduce to the following form: 1/U — R/Bl 
1/CV.". This is the equation of a straight line on log pap 
and the intercept will give the value of 1/C while the slope 
give the exponent m. (See Fig. 6.) 

After Figs. 5 and 6 have been drawn, all the constants in 
equation 1/U = 1/CV."° + R/BIl,"", will be known, and eith 
the film coefficients or the value of the overall coefficient / 
cooling may be calculated for any set of conditions. These 
cooling coefficients may then be applied to cooling in wi 
dehumidification takes place. 
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ing film coefficients, (second step) 
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A.S.H.V.E. Standard Code for Testing 
Stoker-F ired Steam-Heating Boilers’: 


COMMITTEE: C. E. Bronson, Chairman; L. A. Harding, H. M. Hart, F. 


C. Houghten, 


A. J. Johnson, J. F. McIntire, D. W. Nelson, Perey Nicholls, R. A. Sherman, and E. C. Webb. 


I. INTRODUCTION 
The purpose of the 


Steam-Heating 


Code for Testing Stoker-Fired 
soilers is to provide a standard method for 
conducting and reporting tests to determine heat efficiency 
und performance characteristics; this Code does not fix the 
conditions that must be fulfilled for the acceptance or ap 
proval of the combination of boiler and stoker The Code 
made 


recognizes that tests of stokers and boilers may be 


under different conditions for different purposes, and with 
complete or limited facilities for conducting the tests 

It should be appreciated that in all cases to which this 
Code applies there are two devices, that is, boiler and stoker 
Both devices influence the results ob 


stoker s 


involved in the test. 


tained. Two different placed successively in the 


same boiler may not produce identical results. To view the 
results as if they pertained only to the boiler would be an 
incorrect viewpoint 
2. Standard Form. 
—Stoker 
ontinuous test called for by this Code. 

38. Short-Test Form. Table 2, Short-Test 


Fuels, Stoker Fired is for intermittent tests or for continu- 


Table 1, Standard Form, Solid Fuels 
Fired is arranged for recording the full data for a 


Form, Solid 


wus tests in which a complete heat balance is not desired 


The following determinations are not required 


(a) Proximate analysis of fuel, except as required for 
record 
(b) Ultimate analysis of fuel 
(c) Complete flue gas 
record. 
4. Continuous and Intermittent Tests. 
f tests are recognized; they 
us and Intermittent. 


analysis; CO, is required fot 
Two general types 
will be designated as Continu 
\ Continuous test may be defined as 
one where the stoker operates at a substantially constant 
rate throughout the duration of the test; it may use either 
the Standard or Short-Test Form. An Intermittent test is 
me where the stoker either shuts off or operates at a lower 
rate at intervals throughout the test; it is designed to cover 
he determination of 


only the stoker and boiler efficiency 


ind may use only the Short-Test Form 


II. DEFINITIONS 


5. Furnace Volume is the space which may be used for 


ombustion. It shall be considered as that space enclosed 


by the hearth or grate surface and the side walls or water 
legs up to the crown sheet or equivalent. If a bridge wall 
is used, that space back of the bridge wall above the hori 
contal plane passed through the top of the bridge wall shall 
€ included. 

6. Hearth or Grate Area is the projected area bounded 
y the furnace walls at the hearth or grate level except for 
spillover stokers where it is the projected area of the retort. 

7. Combustion Rate is the number of pounds of fuel, as 


} 


} 


"Ad 


. pted 1938 by the American Society of HEATING AND VENTILATING 
NGIN 


eers, New York, N. Y., and the Stoker Manufacturers Association 


Chicago, Ill 


fred, ted by the stoker per hour, less the fu , 
the combustible in the ash I he el « ait 
bustible mn the ash shall he take! as tive Wee { 


bustible multiplied by the ratio 
of the fuel as fired 

8. Heat Release Rate, in Ptu per 
the combustion rate and the Vi ( 

9. Boiler Output in Btu per hour, is the 
delivered at 
sulated 

10. Efficiency of Stoker and Boiler is the percentag: 


heat in the fuel fired which is delivered 


the boiler nozzle vit! t 


when the boiler is normally, nsulated 


III. SET-UP OF STOKER AND BOILER TO BE 


TESTED 

11. Stoker and Boiler when set up for 
commercial testing shall be assembled a rdu t 
manutacturer’s directions 

12. Setting of the stoker in relation to the | er sha 
as agreed to by all interested parties. NOTI Che report 
a test shall clearly describe the manner nstallation 

13. Boilers already installed shall be arrange 
with the following conditions as nearly a 
shall be agreed to by all interested parties 

14. Boiler Covering. The boiler should be covere: 
such heat insulation as is recommended r commer il 


turnished by the manufacturer; if tested uninsulated or 


insulated, an allowance shall be made for that portior 
the heat lost from the bare metal steam surfac« 
have been saved by covering Che allowance shall 
puted from the formula given with the’ tables of this ¢ 
In no case shall allowance be made for uninsulated 
which would also be uninsulated in the commercial 

15. Steam Outlet Piping. All steam outlet pipe 
the boiler shall always be well covered to and 


the steam separator 
16. The Vertical Outlets from the boiler leadi: 
separator shall be in number, arrangement, and size accord 
ing to manufacturer's directions and shall not rise vertical! 
trom the boiler nozzle more than 30 in. before enter t 
Steam separator 
17. The Steam Piping leading from th 


have 


separa or =} : 
a slope so that water condensed in it will drain away 


trom the separator, The drain pipe from the stear 


shall include a U-leg sufficiently long to prevent the stear 
blowing out, and with a short inverted U-leg at the outlet 


end so that the drip may be caught in a container Re 
evaporation of water drained from the separator shall be pre 
vented by use of a suitable cover on the container 

18. The Steam Valve on the boiler 
shall be placed beyond the 


19. Feed Water Piping. 


nect to the boiler where the returns would normally come 


steam outlet p 
steam separator 


The feed water pipe shoul 


read tro i ther 


The temperature of the feed water shall be 
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Heating Piping oni 


Journal 


mometer inserted into the feed line near the boiler but not 
so close that the temperature will be affected by heat con- 
ducted from the boiler. The thermometer may be in a well 
or cup, or it may be inserted directly into the feed water. 
The latter method is recommended to avoid errors introduced 
by heat conduction of a well. 

A valve shall be placed on each side of the thermometer 
The valve between the thermometer and the boiler 
The valve between the ther- 


position. 
shall serve as a shut-off valve. 
mometer and feed water supply shall be used as a regulating 
valve only. It is recommended that this valve be an auto- 
matic one for maintaining a uniform water level in the boiler. 
If only one valve is used, it shall be placed between the 
thermometer and the boiler. 

All boiler-water connections, including blow-off pipes, must 
be exposed to view, so that leakage may be observed and 
either stopped or measured. 

20. Water Gage Marking. The water gage shall have a 
permanent mark to indicate the water level recommended 
by the manufacturer; if there is no permanent mark, for the 
purposes of these tests, a mark corresponding to the level 
recommended by the manufacturer shall be put on the water 
column gage glass. 

21. Smokehood Connections. The boiler shall be con- 
nected with a short, direct smoke pipe to a source of draft 
All joints shall be thoroughly sealed and maintained so dur- 
ing the tests. 

The smokehood and the smoke flue shall be insulated with 
not less than 1 in. thickness of insulation; the smoke-flue 
insulation shall extend at least one equivalent flue diameter 
beyond the point where the flue-gas temperature is meas- 
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Fig. 1 


There shall be no check draft damper between the boiler 
and the point where the flue-gas sample is taken or the flue- 
gas temperature measured; if one is incorporated in the 
boiler, it shall be thoroughly sealed during all tests 

The choke damper, if incorporated in the boiler, shall be 
put in place, opened wide, and kept so during all tests. A 
damper shall be placed in the smoke pipe between the 
source of draft and the point where flue-gas measurements 
are made. This shall be called the regulating damper. <A 
check damper, either manual or automatic, may be placed 
between this damper and the source of draft, if desired. An 


automatic damper is recommended. This check damper shall 
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Location of thermocouple, gas sampling tube, draft tube, and dampers 


e's, Conditioning 


not be placed closer than two pipe diameters to the 
where readings are being taken. 

22. Source of Draft. The draft may be produced 
chimney or by a fan or other arrangement for pro, 
induced draft. 

23. Cleaning of Boiler. The water spaces of the 
shall be thoroughly boiled out with a cleaning solution 
thoroughly rinsed with clean water. 

24. Soot, Ashes, and Dust. The heating surface, fu 
and flues shall be clean and free from soot, ashes and 
at the beginning of the test. 


IV. INSTRUMENTS AND MEASURING APPARATUS 
25. Steam Output. 


be determined either by condensing the steam and we 


The weight of water evaporated 
the condensate, designated as Method A, or by weighi 
water fed to the boiler, designated as Method B 

Method A. 


The steam after passing through the separator sha 


Water fed to the boiler need not be we 


led to a condenser through a connecting steam pipe slopin, 


toward the condenser. The condenser shall be so s: 
that all the condensate will drain quickly to the outlet 
The condensate shall be caught in suitable tanks 
weighed 

[he condenser shall be of the closed type, prefer 


with outside joints, and of sufficient capacity that the 
perature of the condensate shall not exceed 150 F. Bei 
and after each test it shall be tested for freedom from leal 
age by putting it under full water pressure 
Method B. 
be determined in an accurate and suitable manner 
most convenient weighing 


The weight of water fed to the boile: 


, 


rangement depends on _ th: 
size of the boiler, but it sha 
be such that the weight f¢ 
can be determined at an) 
stant. The use of tanks 
ted with calibrated float 
or gage glasses is permiss 
ble. 

The water may be f 
the boiler by gravity 
pressure, or feed pun 
Secrion 4X iny leakage betwee: 

measuring tanks and bo 
shall be weighed and 
ducted from the water fed 

26. Weighing Scales. 
curate scales of suitable s 
shall be provided for weig 
ing separator water, feed wa 
ter, fuel, and all refus: 
moved from the furnace 

27. Draft and Pressures. 4 
suitable number of dratt 
gages shall be provided a 
so arranged as to determm 
the pressure difference between the room atmospher: 
the stoker’s windbox, the furnace, and the smokehood,. Dra‘! 
measurement shall be made with draft gages reading to 0.0 
in. of water. Draft gages shall be checked for zero reading 
each hour. 

28. The Smokehood Draft shall be measured at least ©! 
pipe diameter before the regulating damper. The conn: 
into the flue shall have its end square and shall be 
right angles to the flow of the gases. 

29. Furnace Draft. The connection for measurement ‘ 
the furnace draft shall be made through a hole in the sid 
or front of the furnace at a level approximately mi/wa) 
between top and bottom of the furnace door. 
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a0. Stoker Windbox Pressure. The stoker windbox pres pling Coal of the American Soci for Testi Materials, 


‘ shall be measured at a suitable point in the plenum Designation D21. When this method is used, samples shall 
chamber from which air is delivered to the grates or the be collected during each test, as in Paragraph 36a for dete 
tuveres. The connection shall have its end square and flush mination of moisture and ash, and the ultimate and proxi 
with the inner wall of the plenum chamber and shall be so mate analyses and calorific value for the gross lot corrected 
placed as to read the true static pressure. for same, as applied to the individual tests 
31. Steam Separator. The steam separator shall have 37. (a) After the ash and refuse has been weighed, it 
suficient volume to catch slugs of water and to prevent their shall be reduced to a 15 lb laboratory sample for determina 
passing into the steam line; it shall also efficiently separate tion of its combustible content 
entrained water from the steam carrying it. (b) In stokers equipped with automatic ash removal m« 
32. Temperature Measurements. Accurately calibrated anism, this shall be disconnected and the ash collected 
instruments shall be provided for all temperature measure- directly from the ashpit when the test is less than 24 hours 
J§ ments. A mercury thermometer graduated to not more than in duration 
| F is preferable for measuring feed water temperature. !t In stokers operating on the principle of r ul ot a 
is recommended that thermocouples, in preference to othe as clinker, only the fused clinker shall be removed 
types of thermometers, be used to measure the flue-gas tem weighing, sampling, and analysis 
peratures. The temperature shall be measured in the smok« VI. DURATION OF TESTS 
pipe not less than one nor more than two pipe diameters 38. The duration of tests shall be based ‘ 
bevond the smoke-pipe collar. The thermo-junction or bulb the minimum quantity of fuel to make the quantitative 
: of the thermometer shall be placed as shown in Fig. 1. The comparable for all tests. For both continuous and inte 
7 instrument used with the couple should be sensitive to at mittent tests this quantity shall be considered as 10 tin 
least 5 F and have a range up to 1200 F. the hourly continuous rate of feed of the stoker at the settins 
33. Sampling and Analysis of Flue Gas. The sample of of the feed being used, but in no case shall the total 
flue gas for analysis shall be taken from the smoke pipe at quantity of fuel fired be less than 200 Ib per square foot 
the point at which the temperature is measured in such a of hearth or grate area 
manner as to give a fair average sample of the gas stream 
An Orsat or equivalent gas analyzer shall be used VII. STARTING AND STOPPING OF CONTINUOUS 
An open end ‘'% in. iron pipe reaching one-fourth way TESTS 
across the flue pipe is usually satisfactory, but the probable 39. Before starting any test, if a different type or lot of 
mixing of the gases should be considered and the open end fuel from that used in the preceding test is to be used, t 
so placed as to be in the average gas stream. The use of a stoker hopper shall be emptied and the feeding mechanisn 
perforated pipe may be advisable in certain cases and shall shall be flushed free of previous fuel The feeding mecha 
be permissible. For gas temperatures of over 750 F th ism may be considered cleaned as the result of having 
portion of the collecting pipe extending into the flue should convey a volume of new fuel equal to twice the estimated 
be clay or silica, because the iron at this temperature may gross volume of the feeding mechanism 
reduce CO, to CO. Air leakage around draft tubes, thermo 40. The fire shall be started by filling the feeding syste: 
couples, and gas-sampling tubes shall be prevented by using with fuel fed from the hopper \ suitable amount of 
suitable packing or seal around the tubes. kindling shall be placed on the- fuel in the furnace ar 
As an average value for the test period is desired, the ignited (he air supply shall be adjusted as recommet 
correct and simplest method is to collect samples of the flue by the manufacturer or as indicated desirable by experien 
gas at a constant rate into a bottle and to take the samples 41. Operating Conditions. After the stoker has been 
for analysis from those bottles Started and the prescribed test conditions of rate of feed 
If recording gas analyzing instruments are provided, they draft in furnace, and air supply have been adjusted, all « 
shall be checked every hour with the Orsat or other manual ating conditions shall have remained reasonably constant f 
apparatus. one hour before the test period is started The preliminar 


period shall be not less than 4 hours’ duratior 


34. Smoke Readings. Smoke readings shall be made by 
42. (a) Start of Test. In stokers with automatic a 


the Ringelmann Chart Method 


4 , removal, the ashpit or ash removal mechanism shall be tl 
35. Pressure Readings. A calibrated steam gage, a mer- : , : 
. oughly cleaned to remove ash and refuse from previous tests 
cury column, or a mercury thermometer graduated to 1 F, : 
; : : ; and from the preliminary period In stokers operating o 
and inserted directly into the steam space of the boiler shall . “<— a 
| 7 * the principle of removal of ash as clinker, any clinker that 
ve used for determining the steam pressure. «ate ‘ . 
shall have been formed shall be removed At the end of the 


preliminary period and after cleaning the fire the thickness 


and condition of the fuel bed shall be observed and recorded 


V. FUEL SAMPLING 


36. (a) As the hopper of the stoker is filled during the (b) The time, feed water, and boiler gage glass level shall 
test, samples shall be taken, in small increments, at regular he noted and recorded rhe fuel in the stoker hopper shall 
intervals and stored in a covered water-tight container in a be leveled off and the height recorded Phe tact chall etart 
cool place. The sample shall be approximately 10 per cent at the time of making these observations A pail shall be 
of the fuel fired; the correct amount can readily be obtained placed under the separator outlet 
by taking as a sample every tenth shovelful as the hopper is 43. (a) End of Test. At the end of the test the fuel be 
filled. In no event shall the total sample be less than shall be as closely as possible of the same thickness and cor 
pe dition as at the start After the clinker has been removed 

rhe gross sample shall be quickly reduced to a laboratory if the fuel bed should be heavier than at the start. it is per 
sample ot 15 lb by the methods described in the current missile to reduce the coal feed or to increase the air supply 
Standard Method of Sampling Coal of the American Society for a time necessary to bere the bed down to the thickness 


Vesting Materials, Designation D21, and placed in a sealed at the start. If it is thinner. it is permissible to reduce th 
fontamer tor transportation to the laboratory. rate of air supply for the time necessary t 
(b) When a number of tests are to be conducted with bed up 
the same lot of fuel, it shall be permissible to sample thx (b) When the proper condition of the fuel bed is rea 
entire lot for ultimate and proximate analysis and calorifi the water level in the boiler and the level of the fuel in the 
value as specified in the current Standard Method of Sam stoker hopper shall be adjusted to the same height as at the 
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Start; the time shall be recorded and this time shall be the 
time of stopping. The feed water shall be quickly measured 
and recorded, and the separator water in the pail shall be 
weighed and recorded. 

(c) In stokers operating with continuous or automatic ash 
removal, the ash shall be removed and weighed before prepa- 
ration of the sample. 


STARTING AND STOPPING OF INTER- 
MITTENT TESTS 


44. (a) Measurement and Procedure. In 
same measurements and procedure must be followed in these 
tests as outlined in Section VII. Due to the fact that inter- 
mittent operation includes a heating and cooling of the boiler, 
it is absolutely necessary to be sure the same conditions exist 
at both the beginning and end of the test. 

(b) These tests shall be started and stopped at the end 
of an on period. 

(c) The intervals of stoker operation may be controlled 
by a suitable method such as a pressure-actuated switch 
operating between suitable limits, such as ™% Ib and 2 Ib, by 
manually or automatically operated switch at definitely timed 
intervals, or by such other method as is indicated by conditions 


of the test. 


IX. METHOD OF CONDUCTING TESTS 


45. The steam pressure during continuous tests shall be 
maintained at a constant value. In intermittent tests, the 
Enough readings of the pressure 


VIII. 


general, the 


steam pressure will vary. 
shall be taken at regular intervals in each on and off period 
to obtain a true average. A recording pressure gage is 
strongly recommended for intermittent tests. The water 
level in the boiler shall be maintained constant during the 
test. 

46. Water Fed or Condensed. 
or condensed shall be made as required by the measuring 
system. It is desirable to measure the water fed or con- 
densed each half-hour to check the rate of steaming. 

47. Observations of drafts, pressures, and temperatures 
during continuous tests shall be made at regular intervals of 


The records of water fed 


During intermittent tests the flue-gas 
times, at 


not more than 15 min. 
temperature shall be read a_ sufficient number of 
regular intervals, in each on and off period to obtain a true 
\ flue-gas temperature recorder is strongly recom 
water shall he 


average. 
mended for intermittent tests. Separator 
weighed hourly. 

48. Flue gas analyses shal! preferably be made on sam- 
ples collected for periods not exceeding 30 min. In inter- 
mittent tests, the gas shall be collected and analyzed sepa- 
rately for the on and of periods of operation unless a recorder 
is used. The samples may be held over several successive periods 
and analyzed hourly. 

49. Smoke Readings. When the Chart 
Method is used, smoke observations shall be made every 30 
sec through 1 hour in a continuous test or four complete 


Ringelmann 


on and off cycles in an intermittent test. 

50. Attention to Fire. For stokers feeding not more than 
60 lb of fuel per hour, intended for automatic operation, no 
attention shall be given to the fire during test periods other 
than the necessary removal of clinker or ash. For stokers 
feeding more than 60 Ib of fuel per hour, attention may be 
given as required for satisfactory operation. The time and 
nature of each attention shall be recorded; the duration of 
each cleaning period shall be recorded. 


X. PERFORMANCE CHARTS 


51. (a) If four or more continuous tests are run at differ- 
ent combustion rates, a performance chart may be made. 
Against output expressed in thousands of Btu and square 
feet of steam radiation, the following items may be plotted: 
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stoker and boiler efficiency, flue-gas temperature, combusi 
rate, unit combustion rate, furnace draft, smokehood d; 
windbox pressure, and CO: One square foot of steam r: 
ation is defined as 240 Btu per hour. 

(b) If four or more intermittent tests are run at var) 
intervals of operation, a performance chart may be dra 
plotting stoker and boiler efficiency against output expres 
in thousands of Btu and square feet of steam radiation 


STANDARD FORM 
Table 1. Data and Results of Tests 


General Information 
1. Number of test......... 
ie Fe Raia a ale cc lum 
3. Test conducted by.. 
SECO MR Solves’ ousaas ss Sea 
5. Make and catalog designation of stoker 
hy Fen We I oe es oa keels os 
7. Maximum feed rate of stoker.......... 
8. Make and catalog designation of boiler. 
Oi ee Oe i acs ibis caaveseSes «: 
10. Commercial rating boiler......... sq ft steam radia 
11. Heating surface of boiler..... ot py PR Si 
CR, en UNIS nn cc ws cae sc ueeeces Pe Nt Fe ( 
13. Hearth or grate dimensions, diam. .width. .length. .ft 
14. Hearth or grate area.............. Sadie ic ahs « sq 
15. Weight of water in boiler to normal water line 


16. Weight of water in boiler.......full 
ae 6 ee ae Rees a ... per 
ce een meee oe... Jie {pre e — 
Oe A cs ba Asa cee aes hours 
20. Feed rate setting.............. ....Ib per 
21. Barometer reading .......... ...in, met 
Fuel 
22. Kind ..S5eam....Mine....County State 
EERE RSS eS eg shots ee ee Gat aR 
Proximate Analysis, as Fired 
ee. a a Se yd ed pe 
25. Volatile matter ........ per 
26. Fixed carbon . ba aa per 
a Ber eae er ere : per 
28. Calorific value, as fired.. Btu pe 
Ultimate Analysis, as Fired 
BO. -G a ks «ox Gras per 
Se Se. oy cae eceeak ss per 
31. Oxygen EE en = veeke pei 
er ee Fe ..per t 
ee ~ oe per « 
ee EN Wa 5 oa 0k RS enlew ees per « 


General Information 
35. Total fuel fired during test period.... 
36. Power consumed by stoker...kwhr per ton of fuel 
37. Average interval between attention to fire. ..hour 
38. Average duration of cleaning period 


Ash and Refuse 
39. Total weight of ash and refuse..... 
40. Combustible in ash and refuse...... 4 per 
41. Carbon burned per pound of fuel, as fired 


Drafts and Pressures 


42. Stoker windbox pressure......... eres 
3. Draft. in furnace......... a FN g in. W 

44. ._ Draft at botler outets.......0.....-. ' in. W 

Flue Gases 

65. Carbon Gioxidée (CGa) oi. oi kak. ..per 

ec Et ey eee Pe tek per cent 
ae. , Se ee, eee sper cent 
18. Nitrogen (N:) (by difference).... per cent 
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64. 


66. 


76. 





Temperature of flue gases leaving boiler...... Peer 
Dry flue gas per pound of fuel, as fired.............. lb 
a a wis per cent 


Temperature of air for combustion, dry-bulb......... F 


Steam and Feed Water 


Steam pressure by gage........ .lb per sq in 


Absolute steam pressure. . lb per sq in 
Temperature of feed water................. .F 
Total weight of feed water......... 4 ~ 
Total weight of water from separator................ Ib 
Moisture in steam....... es .per cent 
ee MNT Ss Loc ace Gs bees aoucdchececios ss Ib 


Hourly Rates 
Fuel fired (average)............ 
Combustion rate (average)............. ee 
Heat release rate (average)........... 
Unit combustion rate (average).............. 
Ib per sq ft of hearth or grate area 


per hour 
per hour 
per hour 


per hour 


Unit heat release rate (average)................... 
Btu per cu ft furnace volume per hour 


Actual water evaporated........ .lb per hour 
Correction for uncovered boiler lb per hour 
Total corrected evaporation....... lignes ee Oar Dee 
Output 
EE Sa Anan 5 0:0's ous 6 0:6-4a RO a ale Be hia Btu per hour 
ann. ain wn.6.9 6 a jemnaw en sq ft steam radiation 
Heat absorbed by boiler heating surface........ 
ee eos cg 6 be 0 We eo wh Btu per sq ft per hour 
Corrected evaporation per pound of fuel, as fired.... 
Sh cans iaGh ae OAae obs. bei eaaaen Ib 
Heat Balance 
d b 
BTU PER PER 
LB FUEL CENT 
Heat transferred to boiler (efficiency 
of boiler and stoker)........ : 
Heat carried away by steam in flue 
PECs ch ols osu i0s.es dldeee ws bas 
Heat carried away by dry flue gases 
Heat lost by not burning carbon 
monoxide eae? oc ska e 
Heat lost by not burning combustible 
ee ee la, eae siseauke 
Heat lost due to radiation and unac- 
counted for 
te dls tan sok tadetustaw scabies 100.0 


CALCULATIONS FOR TABLE 1 


Wherever CO:, O:, CO and N: are used they are percentages by 


volume of these constituents in the gases of combustion. 


A, = The allowed projected area of uncovered metal steam- 
heated surface. 

H = Total heat (in Btu per Ib) of dry saturated steam at 
the boiler outlet pressure. 


h = Total heat (in Btu per Ib) in feed water at boiler 
inlet. 
‘, = Temperature of steam at boiler outlet pressure. 


Formulae and Notes 


Item 15 
Item 17 = ——__ 100 
Item 16 
Item 16 — Item 15 
Item 18 = ——______ 100 
Item 16 
Item 36 = Total power consumed during test divided by total 


fuel fired expressed in tons. 
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Jtem 37 = Total time of test divided by number of attention 
periods 
Item 38 = Sum of duration of cleaning periods divided by the 
number of cleaning periods 
Item 29 Item 39 Item 40 
Item 41 
100 Item 35 100 
700 + 4C0,+ O 
Item 50 — < Item 41 
3(CO.:+C0) 
(O:— %4CO) 
Item 51 = - . _ 100 
0.264N .—(O-—%4CO) 
Item 54 = (Barometric Pressure in Inches of Mercury 0.491 
+ Item 53. 
Item 56 =(When condenser is used) weight of water from con 
denser +- Item 57. 
Item 57 
Item 58 — 100 
Item 56 
Item 59 Item 56 Item 57 
Item 35 
Item 60 = 
Item 19 
Item 39 Item 40 14,600 
Item 61 = Item 60 — —_—___—— 
Item 28 100 Item 19 
Item 62 — Item 61 Item 28 
Item 61 
Item 63 = 
Item 14 
Item 62 
Item 64 = — 
Item 12 
Item 59 
Item 65 = 
Item 19 
1.8 
Item 66 (ts Item 52) A, 
H-h 
Item 67 = Item 65 + Item 66 
Item 68 = Item 67 (H-h) 
Item 68 
Item 69 — 
240 
Item 68 
Item 70 = 
11 
Item 67 
Item 71 - 
Item 60 
Item 68 
Item 72a = - — 
Item 60 
Item 30 
Item 73a = 9 X —— (1090.7 + 0.455 Item 49 Item 52 
100 
Item 74a = Item 50 * 0.24 (Item 49 Item 52) 
CO 
Item 75a = Item 41 10,150 
C0.+-CO 
Item 29 
Item 76a = . Item 41 14,600 
100 
Item 77a Item 28 (Item 72 + Item 73 +- Item 74 + Item 75 
+ Item 76) 
Items 72a to 77a, inclusive 
Items 72> to 77), inclusive 100 
Item 28 
617 








10 
11. 


12 
2 


\\ 


by 


volume of 





eee 

Journal Section 
SHORT TEST FORM 

Table 2. Data and Results of Tests 


General Information 
Number of test 
Date of test 
Test conducted by 


Type of test intermittent 
Make and catalog designation of stoker... 
IR Srp are ei ee eR eo ee Se 
Maximum feed rate of stoker 


Make and catalog designation of boiler.... 


ee A BR eho Os cas oh in tek wha RS wks mae 

Commercial rating of boiler sq ft steam radiation 
Heating surface of boiier.. .sq ft 
Furnace volume ............ mk Siw ene we aia cu ft 


Hearth or grate dimensions, diam. .width. .length. .ft. in. 


Hearth or grate area....... aed a .sq ft 
Weight of water in boiler to normal water line Ib 
Weight of water in boiler.... full Ib 
WOU OOD vy.d<ee dus < per cent 
Steam space .per cent 
Duration of test hours 
Feed rate setting..... lb per hour 
Barometer reading. in. mercury 
Fuel 

Kind .. Seam . Mine County State 
ND a ee 


Btu per Ib 
lb 


hour min 


Calorific value, as fired 
Total fuel fired during test period 
Average interval between attention to fire 


Average duration of cleaning period min 
Ash and Refuse 

Total weight of ash and refuse. Ib 
Combustible in ash and refuse. . per cent 

Drafts and Pressures 
On Ott 
Periods Periods 
Stoker windbox pfessure in. water 
Draft in furnace. ; in. water 
Draft at boiler outlet in. wate! 
CALCULATIONS 


herever CO:z, O., CO and Nz are used they are percentages 


these constituents in the gases of combustion 


A. Che allowed projected area of uncovered metal steam- 


Item 


Item 


Item 


Item 


Item 


Item : 


Item 


heated surface. 


H [otal heat (in Btu per Ib) of dry saturated steam at 
the boiler outlet pressure. 
h Total heat (in Btu per Ib) in feed water at boiler inlet 
‘, c= Temperature of steam at boiler outlet pressure 
Formulae and Notes 
Item 15 
17 100 
Item 16 
Item 16 —- Item 15 
18 — 100 
Item 16 
26 = Total time of test divided by number of attention 
periods. 
27 = Sum or duration of cleaning periods divided by the 
number of cleaning periods. 
37 = (Barometric Pressure in Inches of Mercury 0.491) 
+ Item 36. 
39 = (When condenser is used) weight of water from con 
denser + Item 40. 
Item 40 
+1 100 
Item 39 
12 = Item 39 — Item 40 


Item 
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Flue Gases 
On 


Periods 


On 
Periods 


a3. Carbon dioxide (COs)... 00. cncccceess per 
34. Temperature of flue gases leaving boiler. 
35. Temperature of air for combustion, dry-bulb 
Steam and Feed Water 
36. Steam pressure by gage........... lb per sq 
37. Absolute steam pressure... .. lb per s¢ 
38. Temperature of feed water........ 
39. Total weight of feed water.. 
40. Total weight of water from separator.. 
ee SS er re ee per 
42. Total water evaporated.. 
Hourly Rates 
43. Fuel fired (average).. lb pet 
44. Combustion rate (average) Ib per hy 
45. Heat release rate (average) Btu per | 
46. Unit combustion rate (average) “- 
...lb per sq ft of hearth or grate area per | 

47. Unit heat release rate (average) 

Btu per cu ft furnace volume per | 
#8. Actual water evaporated.. lb pet 
19. Correction for uncovered boiler lb per | 
50. Total corrected evaporation lb per | 

Output 

51. Output Btu pet 
52. Output sq tt steam radiat 


Heat absorbed by boiler heating surface 





i? 
Btu per sq ft per 
54. Corrected evaporation per pound of fuel as fired 
Efficiency 
55. Heat transferred to boiler (efficiency of boiler a: 
stoker ) py 
FOR TABLE 2 
Item 25 
Item 43 . 
Item 19 
Item 28 Item 29 14,600 
Item 44 Item 43 
Item 24 100 Item 19 
Item 45 Item 44 Item 24 
Item 44 
Item 46 
Item 14 
Item 45 
Item 47 - 
Item 12 
Item 42 
Item 48 = 
Item 19 
1.8 
Item 49 (ts Item 35) 4 
H-h 
Item 50 = Item 48 + Item 49 
Item 51 = Item 50 (H-h) 
Item 51 
Item 52 = — — 
240 
Item 51 
Item 53 
Item 11 
Item 50 
Item 54 - 
Item 43 
Item 51 100 
Item 55 = — 
Item 43 Item 24 
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The Flow of Air Through Exhaust Grilles 


By A. M. Greene, Jr.“ and M. H. Dean** (MEMBER), Princeton, N. J. 


This paper is the result of research sponsored by the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS in cooperation with Princeton University. 


HE primary object of this research problem was 
the determination of a coefficient or series of co 
efficients to be used in calculating the air flow 
f modern form from anemo 


through an exhaust grille « 
meter readings. 

It will be recalled that this subject was treated by 
Davies in papers' previously presented before the So 
ciety in which he proposed the following formula for 


exhaust grilles: 


Cim = Ki! l (1) 
which: 

J Corrected velocity from anemometer in teet per minute 
1 Gross area in square feet (duct size) 


K An average coefficient dependent on velocity 


For A, Professor Davies found average values ranging 
from 0.762 at low velocities to 0.832 at high velocities, 
the mean of these being VU.8O 

With the increase in the per cent free area of grilles in 
recent years, the applicability of this factor for grilles 
of more modern design has been questioned. This pape 
reports tests to determine the applicability of the earlie: 
formula to recent designs of grilles. 

The results of this research indicate that a simple gen 
eral formula for air discharge to be used with exhaust 
grilles of recent design within a maximum error of +6 


per cent is 


C fm O873 | / (2) 


Velocity in feet per minute indicated by corrected 
anemometer readings 
\nemometer reading for complete moving traverse with 
automatic weighted value divided by total time and 
corrected by anemometer calibration 

! = Gross frontal area the smallest area of the inside 


of the frame of the grille in square feet 
The effects of size of grille and velocity with a smaller 
possible maximum error are eliminated by the use of a 
coethcient A in place of the average coefficient 0.873. K 
is determined by the following formula: 


0.904 600 
K ( j ) (< 
—" 40,000 


A Coefficient in the formula, Cfm KV A 
K = Hydraulic radius of duct in inches — 


"Dean and Professo Mechanical Engineering, School f Engineer 
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\ 7, 1931, p. 619; Vol. 39, 1983, p. 373.) 
Presented at the Semi-Annual Meeting of the American Socte 


EATING AND VENTILATING ENGiNerRS, Hot Springs, Va., June, 1938 
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Arrangement of apparatus 


Fig. 1 


Nominal Area in square inches 


Nominal Perimeter in inches 


Velocity in feet per minute as indicated : met 


lhe word nominal refers to the dimensions of the duct 


into which the grille under consideration fits 


~ 
' 
} 


The results of this research indicate th 


necessity 
making measurements in a definite manner and w 
definite standard equipment and also the desirabilit 
formulating a code for the determination of the air 


charge through exhaust grilles 
Design of Test Equipment 


rhe following five points were considered in th 


sign of the testing equipment for exhaust grilles : 


1. A simple method must be employed to measure 
quantity of air passing through the systen 

2. There must be an easy method of changing the 
type of grille 


3. An air-tight system is imperative 





1. The air volume must be controlled 
5. The air must not be in an eddy condition upon entering t 
measuring device. 
Keeping these points in mind the equipment was di 
l and 2 


The duct of 12 in. inside diameter was connected to a 


signed as shown in Figs 
4 ft x 4 ft x 6 it plenum chamber. This chamber acted 
as a stilling box for the air since the cross-sectional area 
was very large in comparison to the free area of the 
grille. It also served as an excellent device for mounting 
the grilles, which were set in pieces of plywood of a 
size to fill the opening in the end of the plenum chambe: 
’ a 


Che plywood was mounted on the plenum chamber 
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Fig. 2—Arrangement of apparatus 








an 
Ns = a ian ‘ieanpi n 
AS ] 47 
| ' lw 
| i | 




















g 
a 
t a t 
b 
\ 
SRE “ERY Y 
———~ oe ee ngg™ ome 


Fig. 3—Section through nozzle 


means of bolts through the sheet metal and backed by 
a metal frame of angle irons. Soft putty was filled in 
around the board to prevent any possible air leakage. All 
other joints in the system were soldered. 

The fan was driven by a variable speed motor and the 
fan discharge area was variable. 

It will be noted in Fig. 2 that the air left the plenum 
chamber through a large sheet metal nozzle of throat 
diameter equal to the duct diameter. This prevents 
irregular flow due to the contraction of air passage from 
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the area of the 
plenum chamber 
to that of the duct. 
Straighten 
ing vanes of the 
egg crate type 
were made of 2 in. 
squares 9 in. deep. 
The nozzle for 
the measurement 
of the flow of air. 
shown in Figs. 3 
and 4, was of the 
elliptical. profile 
type. It was made 
of dimensions 
identical to those 
of the U. S. Bu- 
reau of Standards 
Nozzle C-2.? 


Fig. 4—Nozzle 


The Nozzle and Its Calibration 


The authors were somewhat at a loss to choos« 
best method of measuring the quantity of air. A w 
displacement tank was suggested and discarded be 


of cost and difficulty in handling. The choice thet 


mained between a venturi meter, a nozzle, a flat p! 


orifice, and a Pitot tube. Of these types the nozzl 


chosen because of its accuracy 
mounting it in the 12 in. duct. 


- 


and the simplicity 


papers have dwelt upon the value of the flat plate or 
its coefficients have greater limits of variation than t! 
of the nozzle or the venturi meter. The Pitot tube, 


cessfully employed by Davies, would have been an 


method of measuring the air but its use was dispen: 


with since 20 grilles were to be tested at various 
velocities and duct Pitot tube traverses and anemon 
grille traverses could not be taken at the same tim 
a single observer. Therefore, it was decided to 
inetering device which gave the quantity of air flow 
a single reading. 

In order to have a check on the nozzle coefficie 
Standards, Journal of 


Research. Vol. 2. 1929 
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Although many rece! 











- a@ —— + > + + . + > + 
' Princeton Calibration 
+ , + : , + + + + + 4 ' 


+ + + + 















oO o) ? = 2.0 25 3,0 3,5 4.0 


Pressure Grom across Po2zztle ip inches 


Fig. 5—Coefficients for nozzle 


PITOT TUGE 
L£OCaT/ONS 






fQVAL CONCENTRIC 
AREAS « 


Fig. 6—-Locations of Pitot tube at nozzle throat 


nozzle which had been built and calibrated was followed 
in design. As stated before, this nozzle was the type 
C-2 of the U. S. Bureau of Standards Nozzle for which 
the coefficient varies from 0.993 to 0.995." The results of 
the calibration of the nozzle used in the tests described 
in this paper are seen in Fig. 5 to vary from 0.994 to 
0.999. which gives a maximum difference of four-tenths 
of one per cent from the results obtained by the Bureau 
ot Standards. The drop was measured 
through 1/16 in. flush holes at the plane of the outlet to 
the nozzle and at 17% in. upstream from this point. 


pressure 


he calibration was performed by means of a Standard 
\.S.H.V.E. Pitot tube using a coefficient of unity as 
should be employed where the air at the nozzle throat or 
point of Pitot tube traverse is in streamline flow. 

‘our Pitot tube readings were taken at quartering 
points in the mid-area points of three imaginary con- 


Cit. See Note 2, p. 652 
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Wahlen gage 


Fig. 


centric sections of equal areas formed in the 5 in. 1 
diametet The location of these readings is show: 
Fig. 6 

In using the Pitot tube, the velocity determined 
the gage reading at any point, +, applies to an element 


cross-sectional area of 2zr.dr so that the volu 


per second through a circular area is given 


Volume per Second ax fr. xd f' 
‘ 


, Vidi 
lt is seen from this equation that if the 
plotted as ordinate and the square of the radius 
abscissa, the area under the curve when multiplied 
will give the discharge per second. Since the partial 
areas to which each set of Pitot tube readings refer ars 
equal, this plotting is unnecessary and the average ve 
ity for each set may be averaged to obtain the mean 


velocity through the nozzle. The velocity in feet pet 


minute from the Pitot tube reading, /:, in inches 


water, and with air of relative density, x. is given 


Equation 5: 


VV 1006 Vh/a 


The four readings of h of the Pitot tube in anv zone wet 


averaged, and the mean value of \// for the full nozzk 
was found by extracting the square root of the average 
reading for each zone and then determining the averag« 
of the square roots of the average of the zone readings 

Since the Pitot tube readings apply to equal annulat 
Vh can be applied to the full area 


and the true quantity of air delivered from the nozz! 


areas, the average 


can be found by multiplying the average velocity by the 
outlet area of the nozzle. 


The quantity of air at outlet flowing through the no 


zle as indicated by the pressure drop is given b 
formula 6: 
Volume per .9 


Second 8.02.4 


ENG) 


‘See Appendix No. 1 
See Appendix No, 2 

















in which: 
A;= Nozzle throat area in square feet. 
A, = Duct area in square feet. 
AP = Pressure drop from point /: above nozzle to point /p. 


following nozzle in pounds per square feet. 
v = Volume of 1 Ib of air under conditions of test. 


Having solved for the quantity as determined by the 
Pitot tube and for that indicated by the pressure drop 
across the nozzle, the nozzle coefficient was determined 
at various velocities by dividing the Pitot tube quantity 
by the nozzle quantity. The result of this calibration is 
shown in Fig. 5. 

The results of Pitot tube traverses demonstrate that 
the Pitot tube does have a noticeable interference with 
air flow. Although the velocity pressure is for the most 
part correct at a maximum in the center of the nozzle, 
the pressure drop across the nozzle, which should re- 
main constant, has a gradual decrease as the Pitot tube 
is passed in front of the outlet. This is explained by 
the fact that the tube, upon insertion into the duct, sets 
up eddies and friction losses, and, therefore, the fan 
draws less air through the nozzle. It will be apparent 
that these values are not large enough to affect appre- 
ciably the accuracy of the work, yet they do exist and 
are here recorded with the idea of stimulating some 
additional work on the properties of Pitot tubes and the 
feasibility of using streamlined tubes. 

In order to eliminate errors due to different gage char- 
acteristics, a single gage was used on any two sets of 
comparative readings. All readings below an inch of 
water were taken on a Wahlen gage, whereas larger 
readings were taken on an inclined draft gage. These 
gages were also checked against one another and found 
to give identical results. 

The density of thé alcohol in the Wahlen gage was 
0.8142, while the kerosene and ligroin mixture in the 
inverted U-tube had a density of 0.8048. The difference 
between these two densities is 0.0094, which is ideal for 
the operation of the gage. These densities were de- 
termined by means of the displacement method using 
gravimetric scales. The readings on the Wahlen gage 
were changed from inches of alcohol to inches of water 
by multiplying the gage reading by the density of the 


alcohol (0.8142). . 


Method of Anemometer Traverse 


Before making an attempt to determine the discharge 
coefficients for grilles, it was necessary to experiment 
with the various methods of taking a traverse with an 
anemometer in contact with the grille. It was imme- 
diately discovered that the readings near the center of all 
types of grilles were much higher than those near the 
edges and it occurred to the observer that perhaps some 
allowance should be made for this variation. 

\ series of observations also showed that there was 
an appreciable effect due to the obstruction of the hand 
in holding the anemometer. To overcome this, a 3¢ in. 
hollow rod 2 ft long was attached to the top of the 
anemometer. Through the hole in the rod a stiff wire 
was connected to the starting and stopping catch on the 
anemometer, so that it was controlled at the end of the 
rod. Time was taken by an electric timer which rang a 
bell every 15 seconds, and, therefore, complete attention 
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Fig. 8—Application of anemometer 


could be given to the making of the traverse. All tests 
were made using the electric timer and the rod-mounte 
anemometers, although several check runs were mack 
using a stop watch. In making a continuous typ. 
traverse, it was found that 15 seconds was a convenient 
time for making one crossing of both the 1 and 2 
grilles. No advantage was gained by spending 30 se 
onds on the larger size. 

Both a 3 in. and a 4 in. anemometer were used in all 
but the first few tests, and it was found that the instru 
ments checked within two or three per cent of each othe: 
The 4 in. anemometer was calibrated for these tests } 
the Bureau of Standards and the new 3 in. instrument 
was calibrated by the manufacturer before delivery. Th 
method of holding the instrument while taking a travers: 
on a small grille is shown in Fig. 8. The authors fou 
that the 3 in. anemometer was more easily handled and 
is more applicable to the method of traverse to be reco 
mended by this paper. 

The following methods of traverse were employed 

1. Spot traverse with straight average. In this method 
12x12 grilles were divided into nine equal zones, and a half 
ute reading was recorded for each zone. A straight averag: 
obtained which was obviously too low, due to the fact that 
much value was given the readings along the edges. 

2. Continuous traverse across the grille. In this method 
anemometer is moved back and forth across the grille without 
repeating on any strip. This method gives approximately th 
same results as the previous one. Methods 1 and 2 were re 





mended by Davies.’ 

3. Zone traverse with weighted average. 
vided into three horizontal zones and a moving traverse was 
In averaging 





The grille was 


made in each zone for a period of 1 min 
three readings the middle zone is given four times the valu 
the top and bottom zones. This is in accordance with Simpson’: 
Rule in which the mean height of a parabolic curve may be 
termined by dividing the length into two equal parts, and 
measuring the height of the three boundary lines of these part 
The mean height of the curve is the weighted average of 
times the center line plus the height of each of the other 
outer lines. 

$. Spot traverse with weighted average. In this method 
values of the nine individual readings were weighted accor 
to Simpson's Rule. In this case the center reading is multip 
by sixteen, each of the intermediate side values by four 


the corner values by one. Although this method is more m 


*The Measurement of the Flow of Air Through Registers and © 


by E. Davies. (A. S. H. V. E. Transactions, Vol. 39, 1933, 1 
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Fig. 9—Type 1 grille 58.7 per cent free area 
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Fig. 10—Type 2 grille 74.98 per cent free area 


correct, it is too involved and time consuming to be of practical 
value. 
5. Moving traverse with automatic weighted value 
was divided into three zones as in Method 3, and a continuous 
traverse was made with one crossing on the upper zone, tour 
crossings on the center zone, and one crossing on the lower zone 
This method automatically applied Simpson's Rule and gave the 
same results as methods three and four. 

lhe authors applied the fifth method to all grilles and 
all sizes and found that it gave a curve of coefficients 
sightly more uniform than that from the straight aver 
age method. In all of these the anemometer was moved 
in contact with the face of the grille. 


The Exhaust Grille Coefficient K 


Grille traverses were made in accordance with Method 
5, which is termed: Moving traverse with automatic 
weighted value. Two or more runs were taken with each 
anemometer at each velocity, and the values were cor 
rected by the calibration curves and averaged. The indi 
cated volume of air passing the grille is, of course, ob- 
tained in accordance with the Equation of Continuity of 
Flow by multiplying the indicated velocity by an area, 
One of the 
major problems of this paper was to determine which 


and, if necessary, a discharge coefficient. 
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Fig. 11—Type 3 grille 73.36 per cent free area 





Fig. 12—Type 4 grille 90.5 per cent free area 





Fig. 13—Type 5 grille 77.6 per cent free area 








grille area should be used, and, having chosen a particu 
lar area, to find out how it applied to grilles of various 
sizes and various per cents of free area 

The type grilles used in this investigation are shown 
in Figs. 9, 10, 11, 12 and 13. grilles 
were tested in the following four sizes: 24x6; 12x12 
24x12; 24x24. 


These five types of 
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This paper summarizes the results of tests on 20 grilles 
at anemometer velocities varying from 200 fpm to 1000 
fpm. It will be noted in the curves that follow that the 
velocity range was limited on the largest size grille due 
to capacity limitations of the fan on account of the ex 
cessive drop in pressure at the nozzle, 

The discharge coefficients of these grilles were found 
by dividing the true flow from the calibrated nozzle by 
the volume indicated by the product of the anemometer 
reading and an area. The following areas were con- 
sidered as possibilities : 

1. The 
grille through which the air actually passes. 

2 \rea is the smallest area of the inside 


Free Area, which is defined as the open area of the 
The Gross Frontal 


of the frame of the grille. This is the area which the anemom- 


eter crosses in making the traverse. 


The Mean Area is the average of the Free Area and the 
Gross Frontal Area. 
1. The Nominal Area (called Gross Area by Davies) is the 
area of the duct. 


The per cent free areas as given in this paper are de- 
termined by the ratio: 


100 Free Area 


Gross Frontal Area 


Per cent Free Area 
All these values were computed by the authors and com 
pared with those furnished by the manufacturers, al 
though the authors’ values were used in all cases. 

Upon studying the 20 curves of coefficients plotted 
against velocity, the following observations are made: 

1. The coefficient as determined from the gross frontal area, 
14, is relatively constant over the complete range of 


as in Fig. ) 
grilles including all types and all sizes, whereas the coefficients 
using the mean and free areas vary inversely as the increasing 
per cent free area. This definitely shows that the coefficient 
should not be based on the mean or free areas, unless the lower 
coefficient is to be used to illustrate the advantages of the grilles 
of higher per cent free area. 

The curves, such 15, 
effect of size of grille and show that the smaller grilles have 
A study of these curves and the 


shown in demonstrate the 


2. as Fig. 
a slightly higher coefficient. 
hydraulic radii of the duct was used in developing the empirical 
formula to be given later. 

3. Figs. 16 and 17 show a striking proof of the value of using 
the gross frontal area instead of the previously used nominal 
area. The gross frontal areas for the various types of grilles are 


given 
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By examining the points on Fig. 16, which gives 
exhaust grille coefficients based on the nominal o1 
area, it is seen that Grilles 1 and 2, which have 1 
larger gross frontal areas, lie above the average dott 
line, whereas the remaining grilles lie below th« 
Hence, by using the gross frontal area, the values 
brought nearer to a straight line as shown in Fig 
The possible per cent of error is practically halved 
using the curve as determined by the gross frontal 
because an allowance for the design variations oi 
various manufacturers has been made. 

It is then proposed that the following equatior 


coefficients be used: 


Cim K Vl A 
where 

K Values as given in the tabulation of the next 
graph. 

lV’ = Velocity in feet per minute as indicated 
brated anemometer using Method 5 

A = Gross frontal area in square feet 

By using a value of A = 0.873 for all grilles and s 


»1)T 
bit 


the maximum observed error was +6.07 per c« 


the average error was +3 per cent. 

The maximum error resulting from the use of 
pler coefficient was reduced to 
use of coefficients varying with velocities. 
of A for different velocities were found from the cu 


' 
ry) 
wy 


5.83 per cent, 


These \ ilu 


and are given: 


Velocity fpm Coefficient 


200 0.863 
300 0.865 
400 0.867 
500 0.871 
600 0.872 
700 O.875 
800 0.877 
900 0.880 
1000 0.882 


By using the accompanying coefficients for grill 
different sizes, the maximum recorded error was 
per cent. These values were taken from diagrams 0! 
investigation, using 600 fpm as the average velocit 


K of Nominal 24 6 grille 0.886 
K of Nominal 12 12 grille = 0.865 
K of Nominal 24 12 grille 0.855 
K of Nominal 24 24 grille 0.842 (Calcul 
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‘he velocity effect on the given values of K may be 
‘d for by multiplying each of the factors by 


Ca 
V — 600 
1+ (s) 
40,000 
and the resulting value of A showed a maximum error of 


++ per cent. 

or grilles of all sizes including those given, the ef 
fects of size and velocity may be included by using the 
formula in determining the value of AK: 


0.904 VY 600 
A (: + ) ceeee (9) 
tie 10,000 
“which 
in Coefhcient in formula Cfm KV A 
Nominal Area in square inches 
R Hydraulic Radius 


Nominal Perimeter in inches 
Velocity in feet per minute as indicated by the 
corrected anemometer using Method 5 
The maximum recorded error in using this formula was 
-5.65 per cent and the average was +3.22 per cent. 
This remaining error is due to the variation in ane 
to the frictional effect of the 
This latter error can only be eliminated 


mometer readings and 
grille members. 
by using the test grille coefficients which are recorded 
by most manufacturers for each of their grilles 


Conclusions 


This investigation has checked the work of Davies and 
established an improved method of determining the quan 


tity of air flowing through a modern exhaust grille. It 
has been demonstrated that a relatively constant co 


eficient of A — 0.873 is obtained when the gross frontal 


area 1s used in the formula: 


























v 
6 4 NOlG e 
. . Vo 2 
. Fy No.3 
x Nod 
nN ® te 5 
~ OF - + —EEEEe ———— —— 
. | 
2 _ 
v) ‘ a 
a aaa 
.7 al * ‘ 4 a a 2s a | 
a % . ees 
0.8 F -..-4---——---+—5--—— ee 
( —— tC le : ; a = | 
“es 4 ‘ P :* ad 
».?- iu . 3 7 . 
a. a . 
5 0.7} “ : 
N Using Nominal or Duct Gross Area 
™ Nof recommended 
s ‘ 
_ 
06 
00 200 300 400 500 600 700 ~ 300 7000 
. . / ) 
Corrected velocity (ff /rin) 
Fig. 16—Coefficients on duct area 
a No Ori/e 
x ® No.2 
® Ne 3 
‘ k Nod 
t + Ss 
v 
~ ? * ‘ : a ° 
* es 2 e« . x a + a? ms 
v ae . a >; — a S 
2 / > ow era & « °. on s « “ 
r} pl y ate a*<e8) ae 
s a . 
& 08 
8 
‘ Usirne@ Gross Fronta/ Area 
S 0) " (Recommended) . 
2 
£ 
z 
& 
° 
00 200 300 400 500 600 700 B00 9¢ 
Corrected velocity (ft/min) 
Fig. 17—Coefficients on gross frontal area 


Hevrine, Preinc anp Am Conprriontnc, Serremper, 1938 








LL nN | 0 
The average coefficient for all grilles and all sizes ha 
been changed from the Davies’ value of 0.80 to O.873 
These results were obtained by Method moving tra 
verse with automatic weighted value, as proposed in 
this paper. 

The variation in A, the maximum recorded error « 
which was 6 per cent on each side of the mean curve, is 
dependent upon velocity, grille size, and design [he 
first two of these variables were cared tor in the en 
pirical formula derived from the observed data, whereas 
the authors were unable to find a law correcting 
grille design. The empirical formula is 

o.40O4 HOO 
A ( 4 ) 
ix 10.000 

When gyreater accuracy 1s desired, Is necessary 
use coefficients determined for th particular VIM 
erille form and hydraulic radius duct 

Appendix No. 1 
Equation 5 for finding the velocity fron e P " 
head, 1006 h s derived is 
th 
» y 
Volume of 1 Il wt dry air at 70 | 
Weight of 1 cu ft water at 70 1 62.29 
t) 
Ve ty cet ™ ! ite Ho 4.4 
Vel ty leet ( t 10) 4 1th) 
u hi h 
Velocit Fi Teet px t 
hh Velocity head im meches of wat al iv 
Densit actual al reiat t i i 0 i 
2 He 
Appendix No. 2 
I:quation 6 in this paper is derived as ws 
thermodynamics and the principle of nservat f energ 
the equation for the gain in kinetic energ 1 pe t ga 
irom ti changs enthalpy equati t flo 
i ’ 
this gives 
Vs J . 
( ) | 
20 j l 
and 
‘ n( ) 
i j 1 put 
;* 
] - 
= 
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but 
ke—l 
1 bl p ° 
2U3 Prof MaXNk p: b ji Be ( ) 
= (—) ( ) MLA (3) 1104; ps 
pit pi pr ee a Sa Se Oe en nl ee ee ST eee he Oe ee roe ey 
A, p aha 
me 
A; hs 





and 
lol, MRT, MRT 
V, = V; * 
A, pics pods In order to simplify 
hence 
P I Pi— Ap 6.4 f 0.4 
( ) , ( js ( ) 
i T, Isp i pr 
p k 1 o.4 AAP 
| T2Aspr ( ) 4 I 
p; 14 ps 
but 
b~l Ap ’ 
7; ph k (simec is of the order of the higher powers are me 
( ) ps 50 
T p 
and therefore Similarly 
1 
~ “(=)*.. Bye > Fen (4) p va 2 AP 
V, AN Dp, ( ) , 
I r 14 ps 
substituting equations (3) and (4) in equation (2) 
Substituting in equation (6) 
k-1 
7 . | p b _ 0.4 d ‘ 
sf prt 1 ] : 1 1 
j k l Pr 14 
= ‘.? J 
110.4 


ee) a VS) 


but 
] 


Pits — RT; 
f 


hence Volume per second = 110A, 
kl As 2 2 At 
k [ p:\ ke | , ( { ) (: 4 ) 
RT} 1 ) | “p 
V3 k 1 ps - 


but 


29 2 
OO’ 
e+e “ T, Vv 
A; p ae 
pi R 
and ] 
Cee) ny } 0.4 l 
/ k-1 nae 
——— 7, 1 ( p ) ad “ Volume per 1.4 53.34 
Volume per Sec- e k R pi second = 1104 ; . 
ond 1./ / <9 ( ) (: 5 ade ) 
A 


bh 
, As p ks 
aoe oS 
f; Pp, 
is = a ‘ond = 8.024 
r * ) b olume per second = 8.02/ , 
LN mae oo) 
1 I 1.428 
nm ( t 


Volume per /. 1.4 a 
Second — A, | 4 —— * 4.34 
" og 0.4 
A; p 2/k 
1- Note: This is volume at discharge. The volume at : 714 
{, p, entrance is equal to the above multiplied by the factor , 
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jineermg, vol. CXLVI, July 8, 1938, page 57 Description of Skin Temperature in Relation to the Warmth of the Envir 


mechanical humidity nomogr: s 
omogram and humidity control instru ment, by Dr. T. Bedford. Journal of Hygiene, vol. 35, 1935, pag 


ent, » 
307-317 The skin temperatures of industrial workers, ma 
ce . 
women and girls, engaged in very light occupations. have 
Waphic Solutions \ir and Water Vapor Domestic Engines correlated with environmental conditions Forehea hand 
; -° ‘ . é . . . 
, Vol. 152, no. 2, \ug. 1938, page 60-61 The properties of toot temperatures were recorded 
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ANNUAL REPORTS OF LOCAL CHAPTERS 





Texas Chapter Grows Fast 


Little more than a year ago when its charter was presented 
by Col. D. S. Boyden, the Texas Chapter had 42 members, and 
at the completion of its 1937-1938 season in May, 97 members 
were on the rolls: 

Che Officers elected to serve for 1938-1939 are as follows: 

President —H, W. Skinner 

Vice-President—C, L. Kribs, Jr 

Secretary W. H 


lreasurer—R, K. Werner 
Board of Governors—-U. J. Martyn, C. A. McKinney and A. J. Rummel 


tadgett 


The report of the Secretary, W. H. Badgett, points out that 
the Texas Chapter is unusual in that its members are scattered 
over a broad expanse of the largest state in the union, and during 
the past year in order to reach as many members as _ possible 
and stimulate interest in the Society activities, 10 dinner meet- 
ings were held in five cities—Dallas, Fort Worth, College Sta- 
tion, Houston, and San Antonio. The average attendance for 
the year was 38. 

The largest meeting of the year was held March 5 on the 
occasion of President E. Holt Gurney’s visit to Texas, and 71 
members and guests attended the dinner at the Rice Hotel, 
Houston 

The splendid record of the Chapter was made under the 
guidance of the following Officers for 1937-1938: 

President—R. | Taylor 

ice-President—H. W. Skinner 

Secretar W. H. Badgett 

lreasurer—I. E,. Rowe 


Board of Governors—M. L. Diver, C. L. Kribs, Jr., and J. A. Kiesling 


October 9, 1937 in Dallas, E. K. Campbell, Kansas City, Mo., 
spoke on Warm Air Heating. 

Vovember 20, 1937 in Ft. Worth, H. W. Skinner, consulting 
engineer, Ft. Worth, talked about, A Yardstick for Weather. 

January 15, 1938 in San Antonio, W. D. Masterson, Megr., 
San Antonio Water Board, San Antonio, discussed The Rela- 
tion of Air Conditioning in Texas to the State’s Water Supply 

February 19, 1938 in Dallas, C. L. Kribs, Jr., consulting engi- 
neer, Dallas, was the speaker on, “Chiselling in Contracting,” 
and movies of a Steam Jet Installation were shown. 

Varch 5, 1938 in Houston, E. Holt Gurney, President, 
\.S.H.V.E., Toronto, gave an inspiring address on Air Condi- 
tioning Brings Human Problems to the Engineer. 

Varch 22, 1938 in Ft. Worth, J. H. Van Alsburg, Chicago, 
Ill., talked on Comfort and Research. 

April 2, 1938 in Dallas, Herman Seid, attorney for Auditorium 
Conditioning Corp., New York, spoke on Dollars and Sense of 
\ir Conditioning. 

{pril 11, 1938 in San Antonio, F. C. 
\.S.H.V.E. Laboratory, Pittsburgh, gave an interesting discus- 
sion on The Society’s Comfort Research Program. 


Houghten, director, 


April 12, 1938 in Houston, F. C. Houghten repeated his ad- 
dress on The Society's Comfort Research Program. 

Vay 21, 1938 in College Station, F. E. Giesecke, 2nd Vice- 
President, A.S.H.V.E., College Station, was the featured speaker 
and his subject was The Influence of Building Construction on 


\ir Conditioning. 


Montreal Has Successful Year 


he year’s activities for the Montreal Chapter were recorded 
by R. R. Noyes, and 75 members are on the rolls. 
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For the 1938-1939 season, the following Officers will serv: 
President—F J. Friedman 
Vice-President—L. H. Laffoley 


Secretary—-C. W. Johnson 


Treasurer—F. G, Phipps 
Board of Gevernors-—George Ballantyn« A. B. Darling. Le ( 


W. U. Hughes, and G. L. Wiggs 

\ summary of the meetings held in 1937-1938 follows 

October 17, 1937 Windsor Hotel, attendance 42. Speake: 
C. W. Walton, Jr., chief mechanical engineer of the operati 
office of the R. C. A. Building, Rockefeller Center, New \ 
gave a description of the Rockefeller Center Heating and 
Conditioning System. 

November 15, 1937 Windsor Hotel, attendance 45. Speak 
Col. D. S. Boyden, President of the A.S.H.V.E., gave an il! 
trated lecture on The Economic Use of Purchased Steam 

December 13, 1937 Mount Royal Hotel, attendance 50. Speak 

G. L. Wiggs, consulting engineer and President of the lo 
Chapter gave a detailed description of the Air Conditio 
Systems in the Normandy Roof and Piccadilly Club of the M 
Royal Hotel. 


January 17, 1938 Windsor Hotel, attendanc: 50 Speaker 


lk. A. Combe, consulting engineer, gave an illustrated talk 
Fuels, Combustion and Boilers 
February 21, 1938 Wirdsor Hotel, attendance 44. Speake: 


David L. Fiske, secretary of the 4.S.R.E. gave a talk, the subj 


of which was Progress in Refrigeration. 

March 21, 1938 Windsor Hotel, attendance 49 
Prof. E. A. Allcut, of the University of Toronto, gave an illus 
trated lecture on The Properties of Heat Insulating Materials 


Speaker 


for Buildings. 
April 26, 1938 Windsor Hotel, attendance 23. Speaker—] 
Riley, of the accoustical department of Canadian Johns-Manvi 


Limited, gave a talk on Noise and Sound Control 


May 16, 1938 Windsor Hotel, attendance 49. General busi: 
meeting with election of officers. 

June 9, 1938 A golf meet and dinner was held at the Seigni 
Club, Lucerne, Quebec; attendance 71 

The activities of the Chapter were directed during the m 
successful 1937-1938 season by the following Officers and Cor 
mittees : 
President—G. I Wiggs 
Vice-President—F. J. Friedman 
Secretar C. W. Johnson 
Treasurer—F. G. Phipps 
Board of Governors—A. RB. Darling, Leo Garneau, W. lt Hu 
H. Laffoley and J. Linton 
Nominating Committee—M. F 


Dixon, I A. Hamlet and T Wort 
ington 
Golf Committee—John ( olferd, Chairman, A. B. Darling, Art 


montagne and Tom Worthington 


Pacific Northwest Chapter Meetings 
* tr. 
The Officers of the Pacific Northwest Chapter are as follows 
President—C. W. May 
Vice-President—R. O. Wesley 
Secretary—R. D. Morse 
Treasurer E. E. Foote 
Board of Gevernors—Lincoln Bouillon, W. W. Cox and S. D. Peter 


Chapter meetings were held each month and the follown 


subjects were discussed : 
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muary 7, 1938 Alaska Silver Millions by American Can 
( mpany 
ebruary 4, 1938 Review of 44th Annual Meeting and high 


ts of Sth International Heating & Ventilating Exposition by 
W. May, delegate 

larch 16, 
larch 22 


gineers, k 


Parables. Lyle Dudley 


\lr 


Air Conditioning 


1938 Conditioning by 


Brings Human Problems t 


4.S.H.V.E 


Othe 


1038 
Holt 


ipril 26, 1938 


Gurney, President, 


he 


Bonnevill 


Mec hank al 
Mechank al 


Turbines and 


Paul | 


Kaplin 


Project, Heslop, 


itures ol 


gineer, LU. S. Engineers 

Vay 10, 1938 Trip through l S. Navy Yard, Bremerton 
Wash 

une 14, 1938 Wrought Iron Production by Art Wicks 


and a rec ord 


R. D 


attendance at all meetings 


\ good 


f membership rolls is Morse 


reported by Secretary 





Death of Prof. J. D. Hoffman 


\ host of friends from Coast to Coast mourn the loss of a 


figure in the field of heating and ventilating with the 
Prof. J. D His life 


art of heating and ventilating and he taught 


stalwart 


passing of Hoffman was devoted to the 


advancement of the 


housands of engineers its fundamental principles and _ practical 


ipplications In the many committees where he served his 
kindly advice and counsel will be sadly missed 

The Officers and Council of the Society are saddened by 
e death of a loyal and true friend and associate. Their 


heartfelt sympathy is extended to his family who survive 


james David Hoffman, past president and life member of the 


Society, died unexpectedly at his home in West Lafayette, In 


ina, August 14 


On June 30, 1938, he had retired as professor of practical 


echanics at Purdue University after completing 49 years as 


Hoffman 


a teacher of engineering subjects. Professor was a 
Hoosier and was born January 23, 1868, at Auburn, Ind. He 
attended public and high school in Auburn and then entered 
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Purdue where lhe eived the deo \ 
the degree M.| s , 
apprenticeship in the Aubur welt 
Was al expert ! houndr:r \ h 1 
is ! heat re velitilat ’ 
vorked for the Buckeve | 5! e { + 
the staff at Pu su) H 
sistant protessor ot t I i 
was associate protess« t engineering 
jomed the College of k1 ecTing at 
as protessor 1 mec nica ( 
and returned to Purdue as : 
1918 and headed th lepartment 1 t 
his retirement 
Professor Hoffmar t i 
cieties and was the aut cleve 
vriter and a alle pcake 
In addition to the Handhx t He 
{ his tribut s t L.S.HLV I 
raucat 1 be¢ it f I \ I I 
the Desigr ol Centra stati Hot-\Vi Tt 
The Design of a Plenum Syster ! Nar I 
School or Ofhce Build Cor | 
System of Steam Heating \ ira 
Radiatior Effect f the A.S.M.I 
Boilers; and Reasons f: Fa ‘ 
He joined the AS v.I , 
dent in 1908, president 1910 { 
during 1911 and 191 He was « 
m 1937 He Was a at 
li flail ] ky trv 
meer kiduc i ! t t 
Heating Ass of and , 
Conditionnu Issocw H ‘ I 
Sigma Tau, and Sigma X 
Funeral services were e] \ a l ' 
Church with Dr. W. R. G 
in Grand View Cemetet 
Air Conditioning Courses 
The Polytechnic Institut | 
revised its mstructional wor the 
which it has offered for several Cal I 
Church, Jr.. Head of the Department 
The schedule for the scl l vear he 
the work in tw urses e first rst \ir | 
covers the fields of winter and sumn 
tical manner and 1s open to students w have 
training of college grade and are ce tra é 
elements involved in the desie: t t 
ment 
The second course, Air Condit Enwine 
for those students who have had instruct 
thermodynamics and othe advanced te 
course covers the sank ield it study { i 
with theory and practice as empl ved there 
Both courses extend throughout the year a 
tory studies using the Institute’s newly installe 
and its other laboratory facilities his equipm 
special features permitting the study of ps metr 
over a wide range of conditions 
Promotion of W. A. Russell 
The Hoffman Specialty ¢ as announced t f 
\\ \ Russell to a positior as General Sal Ma 
New England and New York State Mr. Russe ‘ 
of the Council and Chairmar i the Speak re 
current year 








